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Pref ace 
The present report is the eleventh in the Kenya Soil Survey Series of 
"Reconnaissance Soil surveys". It is the second prepared jointly by the 
Kenya Soil survey and the Training Project in Pedology of the Agricultural 
University, Wageningen, the Netherlands. 
The Training Project in Pedology was approved by the Government of Kenya 
in 1973. rt operated in Kisii between 1973 and 1979. It then moved to Ki-
lifi where it operated between September 1979 and November 1982. After a 
spell of 2 years, it moved to the Chuka Area (between Embu and Meru) in 
March 1985. 
The project was established jointly by the Agricultural University of 
Wageningen, the Netherlands, the Ministry of Agriculture of Kenya and the 
Faculty of Agriculture of the University of Nairobi. lts main aim has been 
the training of studente of the Agricultural University, Wageningen, in soil 
survey, land evaluation and related subjects. Several MSc-students of the 
University of Nairobi have participated too. 
With deep regret, we announce that in 1985 two reputed members of the 
project have passed away: the project supervisor Professor Dr . J. Bennema 
in January and Mr. H.W. Boxem, project manager, in February. Their spirit 
and dedication have contributed much to the success of the projects in 
Kisii and Kilifi. 
The close cooperation between the Kenya Soil Survey and the Training 
Project in Pedology, which had been started in 1974, was successfully con-
tinued during the Kilifi survey . As a result of this cooperation, the Pro-
ject has now produced the reconnaissance soil map of Sheet 198 at scale 
1 : 100 000, as a contribution to the systematic reconnaissance soil map-
ping of the country, which is a major long term activity of the Kenya Soil 
Survey. The map and accompanying report have been produced in the Nether-
lands. 
Both the Training Project in Pedology and the Kenya Soil Survey are con-
fident that this report and its maps will serve as a source of information 
on soils and land use of the Kilifi Area and that it will contribute to the 
agricultural development of the Kenya Coast. 
F.N. Muchena 
Head Kenya Soil Survey, 
Nairobi 
T . de Meester 
Principal, Training Project in Pedology (Kenya), 
Agricultural University, 
Wageningen 
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Summary 
The Kilifi Area covers about two thirds of the Quarter Degree Sheet 198 
of the survey of Kenya. This is about 200 000 hectares. The rest is the In-
dian Ocean . Altitude ranges from sea level in the east to 300 m in the west. 
Average annual rainfall ranges from 600 mm in the north-west to 1200 mm in 
the south-east, and average annual evaporation from 2300 mm to 2000 mm. The 
coastal zone has a marked dry season from January to March and a wet one 
from April to June. The "hinterland" has a bimodal distribution with a sec-
ond rainy season between October and December. Variations in total and dis-
tribution through the year are large and erratic in the whole area. 
Ecological Zone III-1 (CL3) covers the southeastern corner of the area 
and Zone V-1 the northwestern one. The diagonal belt between, covering about 
half of the total area, is Zone IV-1. Field observations on natura! vegeta-
tion and erop performance, and also rain-gauge data collected during the 
project period suggest a slightly more complicated distribution: the area 
around Kaloleni seems wetter than its surroundings (Appendix 8). 
The Kilifi Area has three major land-forms: the low Coastal Plains along 
the coast, the high Coastal Plains in the extreme west, and the Coastal Up-
lands, covering about two thirds of the area, between . The subsurface mate-
rials (geology) of the area consist of a succession of sediments and sedi-
mentary rocks, running in zones roughly parallel to the coastline, i.e . 
north-south. 
The soils of the low Coastal Plains are mainly on coarse-grained sands: 
well drained, very deep yellowish brown and yellowish red soils of sandy to 
loarny texture. Here and there are shallow clayey soils on coral limestone. 
The sandy soils are chemically extremely poor. Land-use is mainly for tree 
crops (coconut, cashew and mango) and food crops in smallholdings. There 
are also two large sisal and livestock estates and (near Mombasa) several 
medium sized coconut and vegetable farms. 
The soils of the high Coastal Plains in the extreme west are on mainly 
clayey Bay sediments: moderately well drained, deep to very deep, brown 
mottled sandy clays. These soils are physically bad and partly rich in ex-
changeable sodium , oft en resulting in a soil that is compacted and crusted. 
Land is under bush and shrub with extensive (over)grazing. 
The soils of the Coastal Uplands can be divided into an eastern part 
(adjacent to the low Coastal Plain) and a western part (adjacent to the high 
Coastal Plain). The eastern paL ~ has soils developed on shales and on lime-
stones, both occurring in north-south running belts. Smaller areas are iso-
lated uplands o f unconsolidate d s ands of the Ma garini Formation. The soils 
1 
on shales are relatively fertile and moderately well drained, moderately 
deep, yellowish red and reddish brown clays with vertic properties. The 
area is strongly dissected and treeless. Land is under food crops, bush 
fallow and extensive grazing in smallholder farming. The soils on limestone 
are well drained, deep to very deep, red sandy clays, locally with scat-
tered rock outcrops. The soils are chemically and physically very reasonable. 
The population is dense there and land is mainly under tree crops (coconut, 
fruit trees and cashew) with intensive cultivation of food crops and some 
cash crops underneath in a mixed cropping system. The farmers are smallhol-
ders. The soils in the Magarini sandhills are very well drained, very deep 
and dusky red sands, physically good but chemically very poor. Land is main-
ly used for smallholder cashew and food crops. 
The soils of the western part of the Coastal Uplands are mainly on coarse-
grained (Mazeras Formation) and fine-grained (Mariakani Formation) sandstones 
covering about a quarter of the Kilifi Area. Minor areas in this part have 
soils on clayey Bay sediments. The soils on sandstones are excessively drain-
ed, very deep, white, yellow, and yellowish brown or red sands. Here and 
there are red sandy clays. These sandy soils are chemically poor and very 
permeable. In the wetter part of this area, around Kaloleni, land is mainly 
under coconut ("palm belt", Appendix 8} with fruit trees and cashew. Under 
the trees intensive mixed food crops and some cash crops are found, for in-
stance sesame and tobacco. In wet years, rice is grown on the valley bot-
toms. In the drier parts, north and north-west of Kaloleni, coconut gives 
gradually way to cashew and then to bush and shrubland with extensive gra-
zing and some charcoal production (near Ganze and Bamba) in the north-west . 
The soils on Bay deposits in this area are mainly imperfectly drained, deep, 
brown sandy clays. Land is used for extensive grazing with scattered cul-
tivation of food crops. 
The present natural vegetation is strongly connected with land use, cli-
mate, soil and relief. The seven main vegetation landscapes of the Kilifi 
Area are named after their common or characteristic plant species (including 
major tree crops}. They show a distribution pattern similar to that of the 
soil landscapes. Of special interest is the vegetation of the sacred forest 
patches ("kayas"), which are remnants of the original coastal forest left 
on the tops of several hills in the Coastal U~lands. 
The land of the Kilifi Area was evaluated and classed for a nwnber of 
relevant land utilization types, defined by various attributes, according 
to the FAO framework for landevaluation. Results are summarized in Appendix 
7. Soil moisture and nutrient availability seemed to be major constraints 
in the area, one or the other, and often both. Due to the limited (ground) 
water resources for irrigation and limited possibilities for conservation 
of rain-water, and because of the prevailing low input farming systems and 
associated socio-economie conditions, the scope for improved alternative 
land-uses seems limited too. However, the introduction of small-scale dairy 
2 
activities, improved livestock keeping, soil conservation, water conserva-
tion, the introduction of improved trees and foodcrops (including drought-
resistant ones), and the introduction of credit-backed fertilizer program-
mes seem real possibilities for improvement of agriculture in the Kilifi 
Area. 
3 
1 The environment 
1.1 SITUATION , COMMUNICATION AND POPULATION 
The reconnaissance soil map (Appendix 1) is named after the Kilifi Dis-
trict, which covers the major part of the sheet. Minor parts in the south 
belong to the Kwale District and Mombasa municipality (Fig. 1) . The whole 
survey area is part of Coast Province. 
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The survey area is bounded by latitudes 3°30' S and 4°00' S, and longi-
tudes 39°30' E and the Indian Ocean. This area is covered by four topogra-
phical maps at scale 1 : 50 000: Bamba (198/1), Kilifi (198/ 2), Mazeras 
(198/ 3) and Vipingo (198/ 4). Together these four sheets form the quarter-
degree sheet 198 of the Soil Map of Kenya (at scale 1 : 100 000). See Rll 
in Fig . 2 . The extent of this area , which in the following is referred to 
as the Kilifi Area, is approximately 200 000 ha . 
Kilifi town is the administrative centre of the Kilifi District. The dis-
trict is subdivided into three divisions, all occurring in the survey area . 
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Part of the northern half is Ganze Division (divisional headquarter: Ganze), 
part of the southern half is Kaloleni Division (divisional headquarter: 
Kaloleni) and the coastal strip is Bahari Division (divisional headquarter: 
Kilifi). Other villages of importance within the area are: Bamba, Vipingo, 
Takaungu, Mtwapa, Mazeras and Chonyi. Mariakani is located just outside the 
Kilifi Area (southwest of Gotani) and is, like Mazeras, situated along the 
Nairobi-Mombasa road and railway. 
The area is well accessible by a network of tracks, murram roads and 
tarmac roads. A major tarmac road runs along the coast, connecting Mombasa 
Fig. 3. Geography of the Kilifi Area. 
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and Malindi via Kilifi . The Mombasa-Nairobi road and railway run parallel 
and close together through the south-western part of the area. Mombasa has 
an international airport, at Kilifi there are two airstrips. Main towns, 
villages and roads have been indicated in Fig. 3. 
The project headquarters were located in Kilifi, with substations in 
Ganze and in Kaloleni . 
The main rivers are Rare, Ndzovuni, Mtomkuu, Mleji and Kombeni rivers . 
They all discharge into one of the four tidal creeks: Kilifi creek, Takaun-
gu creek, Mtwapa creek and Tudor creek (Fig. 3). The elevation of the area 
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Fig. 5. A traditional grass-covered Mijikenda house in Pingilikani, about 17 km south-
south-west of Kilifi. This type of house is becoming rare because of changing preferences, 
lack of suitable grasses and loss of the craft of making them {photo H. Waaijenberg} . 
ranges from O m at the coastline to about 350 m in the western part. The 
predominantly undulating to rolling uplands are situated between a higher 
plain in the west and a lower plain along the coast, which has a width of 
only several kilometers. 
Fig. 4 shows the approximate population density per sublocation in the 
Kilifi Area, based on preliminary results of the 1979 population census. 
The highest densities are near Kilifi and around Kaloleni, Ribe and Mazeras. 
The population density becomes less towards the northwest, because of a 
gradual deterioration of agricultural opportunities. 
The indigenous population belongs mainly to the Mijikenda peoples 
(Fig. 5), but there are also Swahili's, Arabs and Luo•s in the coastal towns 
The Mijikenda's have nine subtribes, all living within the Kilifi Area: the 
Giriama, Digo, Duruma, Chonyi, Rabai, Jibana, Kamma, Kambe and Ribe sub-
tribes . The Giriama and the Chonyi are the most important in number. 
The population increases at a rate of about 3.2% per year. 
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1 . 2 CLIMATE AND AGROCLIMATIC ZONATION 
1 . 2.l Introduction 
Climate, like geology, geomorphology, hydrology, soils and vegetation, 
forms one of the constituents of the natura! environment, which determines 
the suitability of land for a specific kind of use. 
The major climate-borne growth factors, are rainfall, evaporation, tem-
perature and solar radiation. Rainfall and evapo(transpi)ration are of over-
riding importance with respect to the agricultural potential in the Kilifi 
Area. Data were acquired from two main sources : Michieka et al. (1978) and 
Jätzold & Schmidt (1983). 
1.2.2 Annual rainfall and evaporation averages 
Data from 17 rainfall-recording sites in the survey area were collected 
(Table 1). The average annual totals provide a first impression of the main 
water balance characteristics of the Kilifi Area. Figures 6 and 7 show aver-
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Fig . 6 . Average annual rainfall (rrun) in the Kilifi Area , after Br aun (Michieka et al . , 
1978) . 
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Table l. Annual rainfall averages in the Kilifi Area (nun/yr). 0 
Station Rec. J F M A M J J A s 0 N D Total 
yrs 
Mazeras Railway St. 9339000 59 41 21 60 (122) 147 234 81 (462) 72 54 62 (188) 93 103 82 (278) 1050 
Kilifi O. O. 9339004 58 19 15 40 ( 74) 124 262 116 {502) 80 59 60 (199) 72 72 43 (187) 962 
Kilifi- Kibarani 9339009 40 20 13 51 ( 84) 139 250 119 (508) 92 65 64 (221) 76 83 56 (215) 1028 
Ganze 9339012 33 28 12 55 ( 95) 92 182 59 (333) 38 43 52 (133) 84 103 85 (272} 833 
Chonyi 9339013 33 24 21 54 ( 99) 144 263 92 (499) 89 73 95 (257) 129 105 70 (304} 1159 
Bamba 9339016 23 19 14 61 ( 94) 88 127 31 (246) 28 32 44 (104) 65 79 78 (222) 666 
Mariakani* 9339017 31 36 17 71 (124) 115 164 59 (338) 44 51 58 (153) 86 106 79 (271) 886 
Jibana 9339030 23 24 19 50 ( 93} 125 240 106 (471} 83 68 72 (223) 118 114 65 (297) 1084 
Takaungu 9339035 14 26 13 37 { 76) 172 230 127 (529) 105 73 67 (245) 47 92 49 {188} 1038 
Mtwapa 9339036 20 26 23 54 {103) 211 265 148 (624) 104 72 81 (257) 103 111 53 (267) 1251 
Mazeras Nurseries 9339047 16 44 17 57 (118) 136 219 92 (447) 72 72 74 {218) 129 111 89 {429) 1112 
Kaloleni 9339038 20 37 26 46 (109) 118 204 97 (419) 75 66 91 (232) 125 115 75 {315) 1075 
Rururna 9339039 17 38 19 63 (120) 126 193 87 (406) 82 60 99 (241) 118 119 85 {322) 1089 
Gyriama St. George 9339041 16 39 21 41 (101) 110 161 82 (353) 55 59 59 (173) 108 94 51 (253) 880 
Rabai Dr.Krapf 9339043 12 29 24 50 (103) 162 209 100 (451) 96 72 82 (250) 114 116 64 {294) 1118 
Vipingo private 20 16 41 47 (104) 193 306 159 (658) 108 86 77 (271) 89 99 51 (239) 1273 
Shauri Moyo private 20 20 32 43 ( 95) 145 272 153 {570) 99 95 77 (271) 84 95 53 (232) 1166 
1. Mariakani does not beloog to the Kilifi Area: it is located just west of Gotani , in the Voi Area . 
2. Figures between brackets indicate quarterly totals. 
3. Sources: EAMD , Nairobi {Annual Reports); Vipingo Sisal Estate Ltd . (1961 -1980). 
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Fig. 7 . Average annual evapotranspi ration (mm) in the Kilifi Area, after Braun (Michieka 
et al., 1978). 
age annual rainfall and average annual evaporation respectively, based on 
data of 8 stations. 
Within the Kilifi Area the average annual rainfall varies from less than 
700 mm in the north-west to more than 1200 mm in the south-east (Fig. 6) . 
Rainfall totals for the individual stations are given in Table 1 . Annual 
evaporation varies between less than 2000 mm in the south-east and more than 
2200 mm in the north-west (Fig . 7). The ratio of rainfall and evaporation 
(r/E
0
) is widely applied by agronomists to subdivide an area into so-called 
agro-climatic or agro-ecological zones (Section 1 . 2 . 5) . 
1.2.3 Seasonal rainfall and evaporation 
Monthly or ev en 10-day rainfall totals are of much greater relevance to 
the agriculturist than annual totals. In semi-arid and subhumid regions, 
such as the southern part of the Kenya coast, the distribution of rainfall 
over the year largely determines the agricultural potential. 
In the Kilifi Area, two zones are recognized: the coastal zone and the 
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Fig . 9. Average rainfall 
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Table 2. Relative portions and totals of annual evaporation per 90-day 
period (adapted from Woodhead (1968}. 
90-day period 
January-March 
April-June 
July-September 
October-December 
Coast 
(%} 
28.5 
21.9 
22.4 
27.2 
(mm} 
570 
440 
450 
540 
Hinterland 
(%} (mm} 
26.9 590 
24.0 530 
24.1 530 
25.0 550 
"hinterland". The coastal zone (Kilifi, Vipingo, Mtwapa), shows one marked 
dry season (January-March) and one marked wet season (April-June), whereas 
the intervening period shows intermediate rainfall amounts. The "hinterland", 
where the rainfall distribution pattern is bimodal, the recording sites at 
Kaloleni, Chonyi and Mazeras show a rainy season between April and June and 
a second rainy season between October and December. The period January-
March is dry, the period July-September has some intermediate rainfall. 
Figures 8, 9, 10 and 11 show 90-day isohyets. The distribution of the 
rainfall during the first rainy season appears to be quite uneven (Michieka 
et al., 1978). 50% of the 90-day rainfall (April-June) falls in the first 
33 days at the coast and even in the first 18 days in the hinterland, 75% 
of the 90-day rainfall (April-June) falls in the first 53 days at the coast 
and even in the first 38 days further inland. Apparently, there is a pro-
nounced concentration of rainfall at the beginning of the April-June rains, 
particularly in the hinterland . 
90-day and monthly evaporation values were calculated by Woodhead (1968) 
by means of the Penman equation. The relative portions of total annual eva-
poration per 90-day period are given in Table 2. 
1.2.4 Other climatic parameters 
Winds occasionally reach velocities that are hazardous to agriculture. 
Maize yield can be depressed because of lodging in the ripening stage. 
Temperature is fairly constant throughout the year. The area is mostly 
warm with only slight variations during the year. Calculation of average 
annual temperature is generally done by relating temperature to altitude. 
A modified equation was developed by Braun for the 100 km wide strip along 
the coast (Sombroek et al., 1982): 
Tmean c0 c) = 26.1 - 0.0065 h + 0.041 d 
h = altitude (m) 
d = distance from the coast (km) 
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When this equation is used, mean annual temperature averages vary between 
25.5 °C (Kaloleni) and 26.5 °C (Mariakani) . Mean maximum and minimum temper-
atures are considered to be 29 . 5 °C and 22 . 8 °C respectively . Absolute mini-
mum temperature is 17 . 5 °C. 
Daylength is rather constant throughout the year. The number of sunshine 
hours also varies slightly: 7-8 hours per day on average . 
High humidity (particularly along the coast) and cloudiness are factors 
that restrict the cultivation of certain crops and further ha.mpers adequate 
insolation during parts of the years. 
1 . 2.5 Agro-climatic zonation 
For the defining of the agro-climatic zones two approaches have been 
used. The first is defined by Braun and used by the Kenya Soil survey (Som-
broek et al . , 1982), whi le the second one is defined by Jätzold & Schmidt 
( 1983). 
a . According to Braun 
'The purpose of an agro-climatic zones map is to provide a tool for as-
sessing which areas are climatically suitable for various land use alterna-
tives with particular emphasis on the suitability for crops'. The agro-
climatic zone map is shown in Appendix 2 . The Kenya Soil Survey approach is 
based on annual averages of rainfall, potential evaporation and temperature. 
The entire area is covered by three moisture availability zones and by only 
one temperature zone . Thus, in total three zones can be distinguished in 
the Kilifi Area : III-1, IV-1 and V-1 . 
Distinction of moisture availabili ty zones is based on the ratio of an-
nual rainfall and evaporation (r/ E ). Because agro-climatic zonation intends 
0 
to provide broad zones of climatic land potential, round figures are used 
to indicate boundary criteria . These criteria, together with those for the 
temperature zones, are given in Tables 3a and 3b . 
Braun related the r / E ratios and the moisture availability zones to the 
0 
soil moisture regimes described in the USDA Soil Taxonomy (Sombroek et al. , 
1982 ; Soil Survey Staff, 1975). The following relationship exists : 
Soil moisture regime r / E0 ratio Moisture availability zone 
udic > 55 I, II, part of III 
ustic 31-55 part of III, IV, part of v 
aridic < 31 part of V, VI, VII 
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Table 3a . Boundary criteria for the moisture availability zones and 
their climatic designation. 
Zone r/E ratio (%) Climatic designation 
0 
III 50-65 semi-humid 
IV 40-50 semi-humid to semi-arid 
v 25-40 semi-arid 
r = average annual rainfall. E = average annual potential. 
0 
Table 3b. Boundary criteria for the temperature zones: mean annual 
temperatures and climatic designation. 
Zone 
1 
Altitude 
(m) 
0-1000 
Mean annual 
temperature (°C) 
24-30 
Climatic 
designation 
fairly hot to very hot 
Comparing these groupings with the boundaries in Appendix 2, it can be con-
cluded that almost the entire Kilifi Area possesses an ustic moisture re-
gime, which is defined as follows: the moisture control section is dry in 
some or all parts for 90 or more cumulative days in most years and moist in 
some part for more than 180 cumulative days, or it is continuously moist in 
some part for at least 90 consecutive days. The mean annual soil temperature 
is 22 °C or higher and mean 'summer' and 'winter' temperature differ by 
less than 5 °C in the Kilifi Area, which keys out as an isohyperthermic 
temperature regime. 
b. According to Jätzold & Schmidt 
The agro-ecological zonation by Jätzold & Schmidt (1983) emphasizes sea-
sonal variation in rainfall and evapotranspiration. The basis of the deter-
mination of the zones is formed by temperature and moisture availability 
zones, more ore less following the subdivision suggested by Braun, but in 
addition "lengths of the growing period" is taken into account. The main 
zones occuring in the Kilifi Area are given in Table 4. 
Table 4. Agro-ecological zonation according to Jätzold & Schmidt 
(1983) as compa red to Braun (Sombroek et al., 1982). 
Braun 
III-I 
IV-I 
V-I 
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Jätzold & Schmidt 
CL 3x 
CL 4y 
CL Sz 
Names of potentially leading crops 
Coconut-Cassava 
Cashewnut-Cassava 
Lowland Livestock-Millet 
..... 
-...) 
Table 5. Agro-ecological zonation and 60% probability of rainfall and growing period for the Kilifi Area. 
Ra in fall 
Agro-ecological/climatic zonation recording 
Braun, Jätzold & Schmidt1 ) site 
III-I CL 3 m/l i Mtwapa 
Vip in go 
CL 3 m i s/vs Kaloleni 
Chonyi 
CL 4 m i Kilif i 
Jibana 
IV-1 CL 4 m/s i (vs) 
CL 4 s i (vs) Ganze 
Gyriama 
V-1 CL 5 s / vs i (vs} Bamba 
1. Length of growing period (601 probability) 
m/l medium to long 155-174 days 
m medium 135-154 days 
m/s medium to short 115-134 days 
s short 85-104 days 
s/vs short to very short 75- 84 days 
VS very short 40- 54 days 
Ave rage 60%-probability 
annual rainfall {mm} 
rainfall (mm) lst rains 2nd rains 
1050-1230 400-800 50-130 
1000-1150 400-650 170-220 
850- 1100 320-600 50-130 
920-1000 250-380 140-180 
800-950 200-350 150-180 
700-880 170-270 150-170 
growing period (days) 
lst rains 2nd rains 
155-175 < 40 
135-155 75-85 
135-155 < 40 
115-135 
85-105 
75-85 
40-55 
40-55 
40-55 
i intermediate rains (at least 5 decades > 0.2 E , i . e. moisture 
weak performance of growing period (most decad~s < 0.8 E ) 
conditions are above wilting point for most crops 
() 
0 
2 . Only added if rainfall continues at least for survival ( > 0 . 2 E ) of most long term crops. 
0 
total2 ) 
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Fig . 12. Agro-ecological zones in the Kilifi Area, after Jätzold & Schmidt {1983), general-
ized. See Table 5 for explanation of codes. 
In Table 4, CL refers to Coastal Lowland Zone, delineated by a mean an-
nual temperature > 24 °C and a mean maximum temperature < 31 °C; 3, 4 and 
5 refer to r/E -intervals 25-40, 40-50 and 50-65 respectively, x, y and z 
0 
refer to a subzonation according to growing periods for annual crops, which 
has not been included in the zonation by Braun. 
Table 5 gives values of x, y and z as they refer to the Kilifi Area, and 
Figure 12 gives a generalized map of the agro-ecological zones in the Kilifi 
Area according to Jätzold & Schmidt. Table 5 shows the subdivision of the 
main zones into subzones by the length of growing period, given in a 60% 
reliability, i.e. the given number of days will be surpassed in at least 6 
out of 10 years. This 60% reliability coincides with the lower limit of 
forecast-security in agro-consulting in most developing countries. Table 5 
also shows the monomodal rainfall distribution pattern of the coastal zone 
(CL 3 m/l i and CL 4 m i) versus the bimodal pattern of the 'hinterland' 
(CL 3 mi (s/vs), CL 4 m/s i (vs), CL 4 si (vs), CL 5 s / v $ i (vs)). These 
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conclusions can also be drawn from the agro-climatic histograms of Kilifi 
on the one hand, and those of Chonyi and Mariakani on the other hand 
(Fig . 13, 14 and 15) . 
Further details on climate-crop-soil relationships in the interest of 
calculating yield probabilities are given in Chapter 4 (land evaluation) . 
1 .3 GEOLOGY AND GEOMORPHOLOGY 
1 . 3.1 Geology 
The subsurface materials of the Kilifi Area consist of a succession of 
sediments and sedimentary rocks. Their stratigraphy and lithology have been 
established during the geological survey of the Kilifi-Mazeras area (Cas-
well, 1956). Recent work on the geology of coastal Kenya (i.e . the Kilifi 
and Kwale 1 : 250 000 mapsheets) has resulted in a revision of the old 
stratigraphy (Cannon et al., 1981). During the reconnaissance soil survey 
the revised stratigraphy and the lithological subdivisions have been used 
in broad outline. 
1.3.1.1 Stratigraphy 
The sediments and sedimentary rocks are confined to four major chrono-
stratigraphical units (Appendix SA) . 
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The Karroo s gstem of coastal Kenya is represented by the sedimentary 
rocks of the Duruma Group, which is constituted by four formations. In the 
survey area two formations are present . 
The Mariakani Formation, thought to have been formed during the mid-
Triássic Epoch in a deltaic environment. It is mainly made up of medium 
grained sandstones, which are exposed in the western part of the Kilifi 
Area . 
The Mazeras Formation, thought to have been formed during the late 
Triassic and early Jurassic Epoches in a deltaic environment . It is mainly 
made up of coarse grained sandstones, which are exposed in the western and 
centra! parts of the area. 
~ The Jurassic sgs tem of coastal Kenya is represented by sedimentary rocks, 
constituting two formations . 
The Kambe Formation, thought to have been formed during the mid-Jurassic 
Epoch in a shallow marine environment. It is mainly made up of limestones, 
which are exposed in a narrow belt in the centre of the Kilifi Area. 
The Mtomkuu Formation, thought to have been formed during the late Juras-
sic and early Cretaceous Epoches in a deep marine environment. It is mainly 
made up of shales, which are exposed in a north-south belt in the eastern 
part of the Kilifi Area. 
v The Tertiary sgstem of coastal Kenya is represented by sediments and 
sedimentary rocks, constituting three formations. 
The Baratume Formation, thought to have been formed during the Miocene 
Epoch in a shallow marine environment . It is mainly made up of sandstones 
and limestones, which are only locally exposed in the eastern part of the 
area. 
The Marafa Formation, thought to have been formed during the Pliocene 
period in a fluvial environment . It is mainly made up of sandstones and 
sands, which are exposed in local erosion alcoves of gullies in the eastern 
part of the area . 
~ - The Magarini Formation, thought to have been formed during the Plio-
Pleistocene Epoch in a fluvio-marine environment . It is mainly made up of 
medium grained sands, which are exposed in the eastern part of the area. 
~ The Quaternary sgstem of coastal Kenya is represented by sediments and 
sedimentary rocks, constituting four informal lithostratigraphical units. 
The Reef Complex, thought to have been formed during the Pleistocene 
Epoch in a shallow marine environment. It is mainly made up of limestones 
which are exposed in a belt along the present shore . 
, - The Pleistocene Sands, thought to have been deposited during the Pleis-
tocene Epoch in a shallow marine environment . They are mainly made up of 
medium and coarse grained sands, which are exposed in the eastern part of 
the area. On the soil map they have been indicated under their old strati-
graphical name "Kilindini" sands. 
The Recent Beach Sands, thought to have been deposited during the Holo-
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cene Epoch in a marine environment. They are made up of medium to fine 
grained sands, which are exposed at the present shore. 
The Pleistocene superficial deposits, not indicated in the revised stra-
tigraphy. They are made up of fine sands, silts and clay. on the soil map 
they have been indicated under the name "Bay deposits". 
The Alluvium, thought to have been deposited during the Holocene Epoch 
in a fluvial environment. It is mainly made up of fine grained sands, silts 
and clays, which are exposed in valleys throughout the area. 
1.3.1.2 Lithology 
The parent materials distinguished during the present survey are (Appen-
dix 1): 
SK fine grained sandstones, siltstones and shales (Mariakani F.) 
S coarse grained sandstones (Mazeras F . ) 
Tl shales (Mariakani F.) 
T2 shales (Mtomkuu F.) 
L (in UL) limestones (Kambe F.) 
L (in P2L) coral limestones and sands (Reef Complex) 
W marls (Baratumu F . ) 
X various parent materials 
Xl sandstones, shales and limestones (Mtomkuu F.) 
X2 coarse and fine grained sandstones (Mazeras and Mariakani F.) 
El medium grained sandy deposits (Magarini F.) 
E2 medium grained sandy deposits (Magarini and Kilindini F.) 
E (in P2E) medium and coarse grained sandy deposits (Kilindini F.) 
E (in DE) recent coastal sands 
0 
A 
A 
A 
unconsolidated 
(in BA) recent 
(in AA) recent 
(in TA) recent 
fine sandy and clayey deposits 
unconsolidated deposits 
alluvial deposits 
marine deposits 
(Bay deposits) 
The sandstones and siltstones of the Mariakani F . (SK) consist of: 
1. yellowish brown, mottled sandstones, blueish green when fresh (lower 
member) , 
2. yellowish brown, flaggy sandstones with shales and micaceous horizons 
(middle member), 
3. yellowish brown sandstones , bluish grey when fresh (upper member). 
The rocks of the lower and middle members are essentially composed of quartz 
and feldspar (oligoclase-andesine), with muscovit~ dissiminated throughout 
or concentrated in layers. The cement mainly consists of chlorite. The rocks 
of the upper member are essentially composed of quartz, with silica or cal-
cite as cement. 
The sandstones of the Mazeras F . (S) consist o f : 
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1. yellowish brown, banded arkosic sandstones (lower member), 
2. red-yellowish brown arkosic sandstones, with quartz pebbles and shale 
horizons (middle member), 
3. yellowish brown, pebbly, arkosic sandstones, with abundant quartz pebble 
horizons (upper member). 
The rocks are essentially composed of feldspar and quartz. The cement con-
sists of calcite (lower member), muscovite (middle member) and silica (upper 
member). 
The shales of the Mariakani F. (Tl) consist of purple green and brown 
shales with soft silt- and sandstone layers. The rocks are essentially com-
posed of kaolinite and muscovite. 
The shales of the Mtomkuu F. (T2) consist of: 
1. greenish grey shales (middle member), 
2. light grey, calcareous shales (upper member). 
The rocks are essentially made up of illite and montmorillonite with some 
kaolinite. 
The limestones of the Kambe F. (L) consist of: 
1. dark blueish grey compact limestones, 
2. light grey coral limestones, 
3. light grey oolitic and pisolitic limestones. 
The rocks are essentially composed of calcite, with coral and shell debris. 
The limestones and sands of the Reef Complex (L) consist of whitish grey 
to greyish black coral limestones, white to whitish grey when fresh, with 
sandy and breccicated horizons. The rocks and unconsolidated deposits are 
essentially made up of quartz and calcite, with coral and shell debris. 
The marls of the (?) Baratume F. (W) consist of yellow and yellowish 
white marls. The rocks are essentially composed of calcite, shell debris and 
undifferentiated clay minerals. The presence of abundant Pleistocene forami-
nifera in the marls indicates that care is needed while using the litho-
stratigraphical name Baratume Formation. The marls are more likely to belong 
to the Magarini Formation (Oosterom, in prep.). 
The sandstones, shales and limestones of the Mtomkuu F. (Xl) consist of 
dark grey to black, sandy shales, with interbedded micaceous and ferruginous 
sandstones and limestones (lower member). The rocks are essentially composed 
of quartz with illite, montmorillonite and some kaolinite. 
The coarse and fine grained sandstones of the Mazeras and Mariakani F. 
(X2) comprise colluvial deposits with blocks of parent rock. 
The medium grained sandy deposits of the Magarini F. (El) consist of dark 
or dusky red sands, yellow when fresh. The deposits are essentially composed 
of quartz and kaolinite. 
The medium grained sandy deposits of the Magarini and Kilindini F. (E2) 
consist of brownish yellow to yellowish red sands, dirty white when fresh. 
The deposits are essentially composed of quartz with some illite and kao-
lini te. The presence of Levalloisian (Pleistocene) artefacts in the basal 
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conglomerate of most exposures indicates that care is needed while using 
the lithostratigraphical name Magarini Formation. The sandy deposits are 
more likely to belong to the Pleistocene sands (Oosterom, in prep.}. 
The medium and coarse grained sandy deposits of the Kilindini F. (E} 
consist of: 
1. yellowish brown to yellowish red sands, dirty white when fresh, white 
when leached (beach members}, 
2. reddish yellow to light brown sands, yellow when fresh (dune members}, 
3. variegated sands and clays (fan members} . 
The deposits are essentially composed of guartz with some illite and kao-
linite. 
The recent coastal sands (E} consist of yellowish white sands, white when 
fresh. The deposits are essentially composed of she ll debris with some guartz 
The clayey deposits of the (?} Plio-Pleistocene bay sediments (O} con-
sist of grey to brownish grey clays and s ilts, with sandy beds and pebble 
horizons. They are essentially composed of guartz with illite, montrnoril-
lonite and some kaolinite. The presence of Levalloisian (Pleistocene} arte-
facts in the basal conglomerate of most exposures indicates that care is 
needed while using the name Plio-Pleistocene. The deposits are more likely 
to be Pleistocene bay sediments, correlatives of the Pleistocene beach and 
dune sands (Oosterom, in prep.}. 
The recent alluvial and unconsolidated deposits (A} comprise: 
1. stratified sands and silts (floodplains}, 
2. compact clays (bottom lands}. 
The deposits are essentially composed of quartz and undi fferentiated clay 
minerals. 
The recent marine deposits (A} consist of : 
1. olive to greenish grey clays and silts (tidal swamps}, 
2. olive grey to olive, mottled clays and sands (tidal flats}, 
3. dark brown to black peaty clay, with peat horizons (tidal swamps}. 
1.3.2 Geomorphologg 
The surface configuration of the Kilifi Area consists of an association 
of erosional and depositional landforms. In a first description of the land-
mass, Gregory (1894) distinguished four physiographic zones: 
the Temborari or coast Plain: the first and lowest plain or plateau zone 
occuring along the shore, 
the Foot Plateau: the transitional zone from the Temborari towards the 
second and higher plateau zone, 
the Nyika: the second and higher plateau zone towards the inl and, 
the Gyriarna Hill-lands: the tract of upland south of the Sabaki river 
towards Mombasa with the Nyika in the west and the Foot plateau in the east . 
In later publications (a.o. Muffe, 1908; Caswell, 1953 and 1956), the Gyri-
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ama Hill-Lands are no longer mentioned and a new zone is defined: 
the Coast range : the zone which is constituted by the steep hills just 
west of the Foot plateau . 
For the purpose of soil mapping, however, the surface configuration has 
been described in terms of major land units and miscellaneous landtypes, 
according to the standard definitions used by the Kenya Soil Survey (Van de 
Weg, 1978) . 
1 . 3 . 2 . 1 Major land units 
The major distinct parts of the area have been mapped (Appendix 5B) as : 
Minor Sc arps (H) 
Coastal Uplands (U ) 
Coastal Plains (P) 
Floodplains (A) 
Bottomlands (B). 
The Mino r Scarps (H) are made up of erosional and fault scarps , steeply 
separating areas at different levels, having a relief intensity of 
50-200 m/ km2, and a rolling to hilly topography (slopes up to 30%). They 
are represented by the Kaloleni escarpment, occurring from Kaloleni to Go-
tani , and the Mazeras escarpment with related river gorges , occurring be-
tween Mazeras and Mbuyuni . They have been formed in the rocks of the Maria-
kani Formation and the Mazeras and Mtomkuu Formations respectively. Ero-
sional hills, prominently rising above the surroundings, have a relief in-
tensity of 50-200 m/ km2 and slopes up to 30% . They are represented by a.o. 
the Kinangoni hill and the Kizurini hill . On the soil map, they have been 
indicated by a symbol (Appendix 1) . For cartographic reasons the hills have 
been included in the surrounding upland . They have been formed in rocks of 
the Mazeras and Mtomkuu Formations. 
The Coastal Vplands (U) are made up of: 
1 . Dissected surfaces of erosion and deposition with rounded interfluves, 
having a relief intensity of less than 100 m/ km2 and an almost flat to rol-
ling ground surface (slopes up to 16%). They are represented by: - The Ka-
loleni upland, occurring in the norhtwest of the area at an altitude of . 
250-350 m; it can be correlated with the Gyriama Hill-lands and has been 
formed in rocks of the Mariakani and the Mazeras Formations, 
the Rabai upland, occurring in the southwest and centra! north of the 
area at an altitude of 150-250 m; it can be correlated with parts of the 
Nyika and has been f ormed in rocks of the Mariakani Formation, overlain 
by unconsolidated clayey deposits, 
the Lutsangani upland, occurring in the centre of the area f+om north to 
south, at an altitude of 0-150 m; it can be correlated with parts of the 
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Foot plateau and has been formed in rocks of the Mtomkuu Formation. 
2. Dissected surfaces of erosion and deposition, with flat interfluves, 
having a relief intensity of less than 75 m/km2, and a flat to rolling topo-
graphy (slopes up to 16%). They are represented by: 
the Dzitsoni upland, occurring in the centre of the area at an altitude 
of 100-200 m; it can be correlated with parts of the Foot plateau and has 
been formed in rocks of the Kambe Formation, 
the Pingilikani upland, occurring in the east of the area at an altitude 
of 100-200 m; it can also be correlated with parts of the Foot plateaus and 
has been formed in the unconsolidated deposits of the Magarini Formation. 
The Coastal Plains (P) are made up of: 
1. Non-dissected surfaces of erosion and deposition at low levels, adjacent 
to the shore, having a relief intensity of less than 10 m/km2, and a flat 
to gently undulating topography (slopes up to 5%) . They are represented by 
the Kibarani or low level plain, occurring in the east of the area from 
south to north, at an altitude of 0-75 m. lts occurrence can be correlated 
with the Coast plain. The plain has been formed in the rocks and unconsoli-
dated deposits of the Reef Complex and the Pleistocene sands. 
2. Non-dissected surfaces of erosion and deposition at higher levels towards 
the interior, having also a relief intensity of less than 10 m/km2 and a 
flat to gently undulating topography (slopes up to 5%) . They are represent-
ed by the Bamba or high level plain, occurring in the west of the area at 
an altitude of 150-250 m. lts occurrence can be partly correlated with the 
Nyika. The plain has been formed in rocks of the Mariakani Formation, over-
lain by unconsolidated clayey deposits of the (?) Plio-Pleistocene Bay de-
posits. 
The Floodplains (A) are made up of non-dissected surfaces of erosion and 
deposition adjacent to the stream channels, having a relief intensity of 
less than 30 m/km2, and a flat to almost flat topography (slopes 0-2%). 
Lower terraces are also included in this physiographic unit. They are re-
presented by: 
the Mtsapuni floodplain and lower terraces, 
the Kombeni floodplain and lower terraces, 
the Mtomkuu floodplain and lower terraces, 
the Ngombeni and Mtoni floodplain and lower terr aces, 
the Ndzovuni floodplain and lower terraces, 
the Rare floodplain and lower terraces. 
The floodplains and lower terraces occur at different altitudes throughout 
the area. They have been formed in rocks of various formations. 
The Bottomlands (B) are made up of non-dissected surfaces of deposition 
in valleys and depressions, occurring throughout the area at different al-
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titudes, having a relief intensity of less than 5 m/km2 and a flat topo-
graphy. They are represented by the valleybottoms of the coastal plains and 
uplands. The bottomlands have been formed in unconsolidated deposits of the 
Recent alluvium. 
1.3 . 2.2 Miscellaneous land types 
The minor distinct parts of the area have been mapped as : 
Minor Valleys (V) 
Tidal Flats and Swamps (T) 
Dunes (D). 
The Minor Vallegs (V) are made up of erosional valleys, having a relief 
intensity of less than 100 m/km2 and an undulating to hilly topography 
(slopes up to 30%) . They are represented by the minor valleys of the coast-
al plains and uplands. The minor valleys occur throughout the area at dif-
ferent altitudes . They have been formed in rocks of various formations . 
The Tidal Flats and Swamps (T) are made up of depositional flats and 
swamps, having a relief intensity of less than 5 m/km2 and a flat topography . 
They are represented by: 
the Tudor tidal flats and swamps, 
the Mtwapa tidal flats and swamps, 
the Kilifi tidal flats and swamps. 
The tidal flats and swamps occur in the above named creeks at an altitude 
of 0-2 m. They have been formed in unconsolidated deposits of the Recent 
marine deposits. 
The Dunes (D) are made up of depositional hills and ridges adjacent to 
present or former shores, having a relief intensity of less than 50 m/km2 
and an undulating to hilly topography (slopes up to 30%). They are repre-
sented by: 
the Kikambala dunes, occurring adjacent to the present shore at an al-
titude of 2-15 m; they have been formed in unconsolidated deposits of the 
recent beach sands, 
the Makonde dunes, occurring adjacent to the former shore at an alti tude 
of 15-75 m; they have been formed in unconsolidated deposits of the Pleis-
tocene sands . 
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1.4 HYDROLOGY 
1.4.1 Surface water resources 
The Kilifi Area is naturally drained by the main drainage systems of 
several intermittent streams, which all discharge into one of the four tid-
al creeks: the Rare, the Njora and the Ndzovuni rivers into the Kilifi creek, 
the Ngombeni river into the Takaungu creek, the Mtomkuu river into the Mtwa-
pa creek, and the Mleji and Kombeni rivers into the Tudor creek (Fig. 3). 
Of all rivers mentioned, only the Rare river has a catchment area that ex-
tends far beyond the surveyed area (even as far as Taita hills). All rivers 
in the area are intermittent and dry up almost completely in the long dry 
season. Only certain sites, where a river is fed by springs, remain wet 
throughout the year (mainly in the Kambe limestones and the Mazeras sand-
stones). 
The prevailing drainage direction is northwest to southeast. The uplands 
of the Magarini Formation form a barrier for the Mtomkuu drainage system, 
that therefore runs north-south to the Mtwapa creek. 
The drainage density of the area varies according to geology and soil. 
The highest drainage density is in the shale belt (Mtomkuu Formation): 
15.2 km/k.m2 in the Mtomkuu basin, 13.0 km/ k.m2 in the Ngombeni basin. The 
drainage density in the Mazeras and the Mariakani Formations ranges from 6 
to 10 km/k.m2. The high level Coastal Plains (Bay deposits), the Kambe For-
mation and the Magarini Formation are slightly incised, and the low level 
Coastal Plains (Reef complex and Kilindini Formation) are not incised at 
all, except by the tidal creeks. 
Both in the past as well as in the present, several attempts have been 
made to preserve and store surface water by building small dams, mainly in 
the Mazeras and the Mtomkuu Formations. Only a few have been successful, 
such as the one near Lutsangani. There are two bigger dams at the Vipingo 
estate. 
Another way of water storage is practised in so-called waterholes: 
small muddy ponds, which are abundant in the sodiurn-rich clayey Bay depos-
its of the high level Coastal Plains in the westernmost part of the area. 
These waterholes remain wet far into the dry season. 
The surface water, as it is collected in the natura! drainage systems, 
is nowhere used for irrigation, except at the Vipingo estate. Only small 
amounts are used for domestic purposes and anima! consurnption. Major reason 
is the aften insufficient and unreliable precipitation . However , it appears 
to be opportune to store surface run-off in moist years by small dams, which 
can be beneficia! to the farming population during prolonged dry spells. 
A great advantage is the natural storage of water in the bottomlands. 
These areas remain green and fresh throughout the dry season, and are high-
ly appreciated areas for both grazing and rice cultivation. 
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1.4.2 Groundwater resources 
Groundwater resources in the area for human and anima! use are very lim-
i ted, and often of poor quality. In 1950 a major attempt was made to survey 
the groundwater resources by drilling about 75 boreholes near Bamba, Ganze, 
the Tezo-Roka settlement scheme, Vipingo, Mtwapa and Mazeras. It appeared 
that the majority of the holes give saline or brackish water. The majority 
of the sites that provided water of adequate quali ty deteriorated after 
having been used for some time. More recent drillings are reported to have 
given similar results . 
In the past, the water supply of the towns, villages and farms entirely 
depended on wells, boreholes and storage basins. At present, the eastern 
half of the area is connected to piped water, partly originating from Mzima 
Springs (near Voi), partly from the Sabaki Water Supply Scheme near Malindi. 
This water is too costly to satisfy the growing demand for water for irri-
gation and anima! consumption. It is therefore important that the ground-
water resources of the area are assessed on basis of a comprehensive hydro-
geological survey. 
1. 5 VEGETATION 
1.5.1 Introduction 
In the Kilifi Area, human influence on the vegetation is significant, so 
'natural' vegetation has almost disappeared in most places. Little is known 
about the original vegetation of the area, but it appears that only small 
remnants of it are left. As a consequence, the vegetation in the Kilifi 
Area ranges from supposedly almost original forest to completely artificial-
ly, induced formations, such as a coconut plantation or a large scale sisal 
estate, with all kinds of semi-natural or semi-degenerated stages in between. 
A vegetation and land use map of the Kilifi Area has been compiled (scale 
1 : 100 000, Appendix 4A). The survey that preceded this compilation was 
done according to methods proposed by ITC (Zonneveld et al., 1979) . Several 
landscapes are recognized in the area, which can be subdivided according to 
vegetation and land-use pattern. 
For this study, aerial photographs (scale approx. 1 : 50 000, 1969) were 
used to determine the so-called vegetation landscapes. The survey consisted 
of both stratified and preferential sampling. The samples were taken by mak-
ing vegetation relevés according to principles of the Zürich-Montpellier 
school (Braun Blanquet, 1972) . This means that within a certain relevé area, 
structure and floristic composition were described as far as possible. 
For this particular survey, 225 vegetation relevés were recorded and 
processed into a vegetation table (Appendix 4B). In this table, the rows 
represent the plant species, the columns the relevé sites. The sequence of 
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rows and columns is changed repeatedly, until a number of mutually discri-
minant clusters is obtained. The group of plant species composing such a 
cluster is called a sociological group. A set of vegetation relevés charac-
terized by the presence or absence of a sociological group (or in some cases 
a ~ingle plant species) is called a plant community. The vegetation table 
can be compressed into a bar diagram (Fig. 16). In Appendix 4B, the socio-
logical group to which a species belongs bas been indicated as well. 
The plant communities, which form the backbone for a floristic classi-
fication of the area, are described in Section 1.5.3. 
1.5.2 Description of main vegetation landscapes 
In the Kilifi Area, a total of seven main vegetation landscapes (VL) are 
recognized. A simplified map with these landscapes is given in Fig. 17. 
The landscapes were named after common or characteristic plant species, in-
cluding important (introduced) tree crops. 
1 = Sterculia appendiculat. - Ceiba pentandra landscape 
2 = Cynometra suaheliensis - AnacardiWll occidentale landscape 
3 = Terminalia spinosa - Haytenus senegalensis landscape 
4 = Cocos nucifera - Chlorophora excelsa landscape 
5 = Brachystegia spiciiformis - Hanilkara zanzibarica landscape 
6 = Salvadora perscica - Acacia nilotica landscape 
7 = Ipomoea pes-capre - Rhizophora mucronata landscape 
Fig. 17 . Main vegetation landscapes in the Kilifi Area (present situation). 
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From the coast landinwards the following main vegetation landscapes have 
been defined. 
(VL 1) Sterculia appendiculata - Ceiba pentandra is largely cultivated VL 
of the Coastal Plain, with large sisal plantations, many tree crops, char-
acterized by the occurrence of Ceiba pentandra plantations and (locally) a 
large yellow-stemmed Sterculia appendiculata tree. 
(VL 2) Cynometra suaheliensis - Anacardium occidentale is developed on the 
Co as tal Up lands, this VL consists mainly of cashewnut trees, wi th a few 
coconut plantations, a large (partly neglected) sisal plantation, and a few 
remnants of the original forests. 
(VL 3) Terminalia spinosa - Maytenus senegalensis is developed on the 
strongly dissected parts of the Coastal Uplands. The central parts are cul-
tivated. To the south, Hyphaene coriacea grasslands dominate, while to the 
north, vast ranging areas (Lannea stuhlmanni - Hibiscus aponeurhus bushland) 
appear. 
(VL 4) Cocos nucifera - Chlorophora excelsa appears on the southern parts 
of the Coastal Uplands. It consists mainly of coconut plantations and some 
arable land, notably in valleys. Remnants of the original tropical monsoon 
forests occur locally on hilltops. 
(VL 5) Brachystegia spiciformis - Manilkara zanzibarica is developed on 
the northern parts of the Coastal Uplands. It has a gradual boundary with 
VL 4. Most of VL 5 is dominated by an open woodland where Brachystegia 
spiciformis and Afzelia cuanzensis trees prevail. The woodland is alter-
nated by secondary bush of various types and arable land. 
(VL 6) Salvadora persica - Acacia nilotica appears in the driest part of 
the Kilifi Area, on the interior plains. This VL is dominated by cattle 
ranging on thorny (Acacia spp.) bush and Salvadora persica grasslands. On 
sandy hills, a kind of Brachystegia-woodland may occur. 
(VL 7) Ipomoea pes-capre - Rhizophora mucronata appears on the shores of 
the Kilifi Area. These are dominated by two formations, viz. 
Indian Ocean: a salt spray induced low shrub formation, where Capparis 
cartilaginea occurs, and 
the creeks (and river mouths): Rhizophora mucronata swamps. 
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Table 6. Ecological table, showing relationships between Parent Ma-
terial, (Soil Facies}, Human Influence and Relative Moistness on the 
one hand, and Floristic Vegetation Type and Map Legend unit on the 
other, in the Kilifi Area. 
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1.5.3 Description of plant communities 
In the area, 16 plant communities were recognized. Their delineation is 
based on the presence or absence of sociological groups. The distribution 
of the communities over the seven vegetation landscapes is given in Table 6. 
In the following the various communities are described. 
(A) The Brachystegia spiciformis woodlands are open, evergreen woodlands, 
with tree heights of about 8-12 m. The distance between the trees can be as 
much as 10 m. Two types are recognized, differing in structure and in floris-
tic composition: 
(Al) Brachystegia spiciformis - Rhoicissus revoilii with a dense understorey; 
(A2) Brachystegia spiciformis - Grewia cf. forbesii woodland with a less 
well developed understorey. 
It is possible that the difference between Al and A2 is induced by man, e.g. 
by more intensive grazing or charcoal production. 
The woodlands are rich in species: over 300 species were recorded during 
the survey (which is more than half of the total number of species recorded 
during the survey). The Brachystegia woodlands occur mainly in the drier 
parts of the area. They are found in VL 5 (Units 5.1 and 5.2) and in VL 6 
(Unit 6.3). Remnants are found in VL 2 and isolated spots are found in the 
drier parts of VL 4. Brachystegia woodlands occur on sandy soils (or soils 
with a sandy surface soil) with generally a low content of weatherable min-
erals. 
(B) The Dichrostachys cinerea - Panicum repens shrubbed bushland is closely 
associated with the Brachystegia woodland. It differs from it in structure 
(shrubbed bush up to 6m) and in floristic composition. It is probably de-
rived from the Brachgstegia woodland, or it forms an intermediate stage 
towards it. The following arguments plead for this: 
the Dichrostachgs bushland shows a high similarity in floristic compo-
sition with the Brachystegia woodland, the difference in structure can be 
explained by more extensive charcoal production and grazing; 
the Dichrostachys bushland is found on similar soils as the Brachystegia 
woodland {often in its direct surroundings), and predominantly at the wetter 
parts (which are likely to be cultivated first); 
the Dichrostachgs bushland occurs mostly in the immediate vicinity of 
arable land, where intensive grazing was observed. 
The Dichrostachgs bushland is found in VL 5 (units 5.3 and 5.4) and in 
valley bottoms of VL 6 (unit 6.4). Unlike the Brachystegia woodland, the 
Dichrostachys bushland occurs on sandy as well as on clayey soils. 
(C) The Grewia microcarpa - Peroti s hildebrandtii shrubland is simple in 
both structure and floristic composition. It can be seen as a rest-group, 
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representing formations degenerated from plant communities B and Dl . The 
formations of the Grewia shrubland are relatively open, with shrubs 
generally not exceeding 4 m in height. The Grewia shrubland occurs only in 
VL 5, where it is confined to the most degenerated parts of units 5.3 and 
5.4. It is formed on sandy soils, or clayey soils with a sandy topsoil with 
a low content of weatherable minerals. 
(D) The Acacia nilotica shrublands are large communities. They occur in 
the drier western parts of the area and consist of shrub lands with shrubs 
generally not exceeding 3-4 m in height, ranging from land with scattered 
shrubs to vast, impenetrable formations. The shrub occurring most commonly 
is Acacia nilotica, followed by Hoslundia opposita . In wetter parts Dichro-
stachgs cinerea can dominate, while in the large bottomlands Acacia zanzi-
barica is abundant. 
There is a large seasonal variation in the understorey. In dry seasons, 
all grasses and herbs are consumed or dessicated, leaving the soil either 
bare or with only few Pipalia lappacea near the trunks of the shrubs. Upon 
rainfall, however, the surface becomes covered with a great variety of flow-
ering herbs and grasses . 
Two communities, differing mainly floristically, are recognized : 
(Dl) Acacia nilotica - Salvadora persica shrubland contains many species 
(less intensive ranging; wet positions); 
(D2) Acacia nilotica - Hoslundia opposita shrubland lacks a few sociological 
groups occurring in Dl (e.g. XXXIII and XXXVI), while ethers are less common 
(e.g. IX, XXXIV) . 
The Acacia shrublands determine the scenery of VL 6 in all units . D2 is con-
fined to the drier parts of this landscape, whereas Dl is found in wetter 
parts (unit 6.4) and in unit 5.4 of VL 5 . The Acacia shrublands occur ex-
clusively on loamy and clayey, often poorly structured soils. 
In all cases, Acacia shrublands occur in dry areas (annual rainfall not 
exceeding 700 mm) with occasional heavy rains and flooding. 
(E) The Acacia stuhlmannii - Acalgpha fructicosa bush- and shrubland encom-
passes all kinds of formations in wet positions, e.g. in river valleys . 
There is a strong variation both in structure (depending mainly on human 
influence) and in floristic composition. In genera!, the community consists 
of low dense shrubland formations with Acacia stuhlmannii and Pluchea dios-
corides, and some single trees such as Parkia filicoidea and Cocos nucifera. 
Common grasses are Echinochloa haploclada and Imperata cilindrica, and in 
many cases a variety of Sorghum spp . is encountered. 
The Acacia stuhlmannii bush- and shrubland community is found in river val-
leys and other wet sites of each landscape, except VL 5 (too dry) and VL 7. 
The community, having a high salt tolerance, occurs on all kinds of soils, 
provided that they remain wet for a considerable period of the year, or 
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there is a shallow ground water table. 
(F) The Lannea stuhlmannii plant communities are characterized by a large 
diversity in structure, ranging from bush- and shrubland to isolated bushes 
in grassland formations ('bushmounds' ). The term bushmounds refers to iso-
lated, often impenetrable spots where the bush has a complex structure and 
floristic composition. They are formed on slightly elevated parts of the 
grassland formations. These elevations may be termite mounds. 
The floristic composition of the Lannea communities gradually changes 
with rainfall from north to south: e.g. Hyphaene coriac ea dominates in the 
southern grasslands, and Terminalia spinosa in the middle and northern for-
mations. 
The subdivision of Lannea is based on probaLle human influences, which 
is reflected both in structure and floristic composition: 
(Fl) Lannea stuhlmannii bush- and shrubland, generally consisting of for-
mations with dense structure, induced by a slight pressure of burning and 
grazing; 
(F2) Lannea stuhlmannii - Panicum maximum bush-, shrub- and grassland ap-
pears in the open formations , with a heavy pressure of burning and grazing. 
The Lannea communities predominantly occur in VL 3, which is dominated 
by the Lannea communities, develops on heavy clay soils, often with vertic 
properties and a high natura! fertility. Moreover, some of the Hgphaene 
coriacea grassland formations of VL 1 (unit 1.3) are included. 
(G) The Cocos nucifera communities are entirely induced by mankind. Al-
though the plantations show considerable variation, they mostly consist of 
a coconut-cashewnut-citrus/mango ratio of approximately 10:2 : 1, with an 
additional amount of Musa spp. (banana). At the coast (VL 1), Ceiba pentan-
dra (Kapok) is seen in and among coconut plantations. 
In the northern part of VL 2, cashewnuts dominate the tree erop planta-
tions, resulting in a ratio of approximately 2:10:1. The variation in under-
storey of the formations mainly depends on human activities. Three main 
types of tree erop formations are recognized: 
1. tree crops + annual crops (maize, cassava, pulses) (VL 4) 
2. tree crops + cleared understorey + intensive grazing (VL 4) 
3. tree crops + neglected understorey + extensive grazing (VL 1, VL 2) 
Two formations occur: 
(Gl) Cocos nucifera - Deinbollia borbonica plantations (type 3); 
(G2) Cocos nucifera - Sida cuneifolius plantati ons (type 1 and 2) . 
Tree erop plantations cover about one quarter of the survey area. Their 
importance, both economie and in acreage, justifi es their position in a 
plant community. The Gl formations occur in VL 1 and VL 2, the G2 forma-
tions are confined to VL 4. Tree crops are found on a scala of preferably 
medium-textured deep soils ( e . g. not in VL 3) with favourable drainage condit 
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(H) The Polgsphaeria parvifolia communities consist of secondary bush and 
shrubland formations, which develop during fallow periods. Immediately after 
cultivation, a low but dense Lantana camara bush appears. The dominant po-
sition of this species is taken over by among others Polgsphaeria parvi-
folia and Markhamia zanzibarica after a couple of years. A dense, impene-
trable bush may then be formed, reaching heights of 5-6 m. 
Two Polgsphaeria communities are recognized: 
(Hl) Polgsphaeria parvifolia - Triumfetta rhomboidea bush-and shrubland; 
(H2) Polgsphaeria parvifolia bush- and shrubland . 
The Hl formations are confined to VL 2 and VL 4, while H2 formations pre-
vail in the secondary bushes of VL 1. The latter is found in VL 2 as well 
(associated with Agave sisalana plantations) . 
The Polgsphaeria formations occur on red, deeply weathered soils or (VL 1) 
on shallow soils over coral rock. 
(I) The Croton pseudopulchellus (Mukambi forests) community encompasses 
all (seemingly) original forests of the survey area. Although a number of 
species is common and some even exclusively occur in these forests, there 
is a great variation in floristic composition. It differs completely from 
the surrounding formations. Moreover, it proved to be difficult to identify 
the composing plant species, also because a number of them have not yet been 
described conclusively . Structurally, two main types can be recognized: 
1. a thin-stemmed coastal forest, with trees up to 15-20 m; 
2 . a well developed forest, with trees up to 50 m (tropical monsoon forest, 
e.g . the sacred 'Kaya' forests of VL 4) (Fig. 19). 
(Remnants of) original forests are scarce in the survey area. Most of 
them are found on hilltops in the interior uplands (VL 4, unit 4 . 1). 
VL 2 comprises two kinds of original forest (unit 2.1): 
an extension of the Arabuko Sokoke forest, in the northern parts, 
a sacred forest of the Kaya-type, near Gongoni. 
In VL 1, a few remnants of original forests are left (unit 1.1) both located 
ndrth of Mtwapa creek the Jumba ruins national monument and Kuruwitu. 
All these spots are only small, with exotic species such as Lantana camara 
and Azadirachta indica as intruders. The (remnants of) original forests are 
found on a scala of soils. 
(J) The Capparis cartilaginea - Cgnanchum tetrepterum shrub community con-
sists of dense low shrub formations near the beach or on coral rock adjacent 
to the beach . The development of such communities is influenced by strong 
salt sprays . This is reflected in their floristic composition, which differs 
entirely from the inland communities. 
(K) The Sonneratia alba - Rhizophora mucronata mangrove swamps occur in 
the tidal creeks of the survey area. The formations consist of low trees 
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S = Sonneratia alba 
R = Rhizophora mucronata 
C = Ceriops tagal 
B = Brugiuera gymnorrhiza 
x s Xylocarpus benadirensis 
A • Avicennia marina 
Fig. 18. Zonation in a mangrove swamp at Mtwapa Creek. 
(2-5 m) or, more towards the inland, of higher trees (up to 10-15 m). In 
most cases the swamps are difficult to enter because of the immature soils 
and the intertwinning stilt-roots of the Rhizophora mucronata trees. Fig. 18 
presents an often observed zonation of these species in the swamps. 
1.5.4 Legend description 
The legend of the vegetation and land use map (scale 1 
pendix 4A), has the following general construction: 
1. first level: 7 main vegetation landscapes (VL); 
100 000, Ap-
2. second level: structure and floristic composition of the vegetation 
(seemingly least unnatural vegetation) as fellows: original forests (if any), 
bush and shrublands, and plantations; 
3. third level: amount or intensity of arable land or grazingjbrowsing (as 
an average of the elements of a unit). 
The mapping units, which are shown in Table 6, are briefly described 
below. 
VL 1: Sterculia appendiculata - Ceiba pentandra VL (plant communities Hl, 
H2, F2, Gl, 1, A2) . 
This vegetation landscape was subdivided into: 
1.1 Original forest (coastal forest): I. 
1.2 Shrub- and bushland with increasing amounts of arable land or grazing 
land; units 1.2.a - 1.2.d, complex with H2. 
1.3 Comparable, but more humid formations (units 1.3.a - 1.3 . d) where 
Hgphaene coriacea (Palmae) occurs; complex with H2 and F2 communities. 
1 . 4 Agave sisalana (Agavaceae) monoculture plantations; complex with H2 
community. 
1.5 Tree erop plantations: 
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- 1.5 . a intermixed with arable or grazing land , complex with Gl, Hl 
and A2; 
- 1.5.b pure stands, complex with Gl and Hl. 
Unit 1.2.d comprises a large scale modern dairy farm, which has the appear-
ance of an English park: large single fruit trees (mainly mango) on exten-
sive grasslands. Unit 1.4 consists of large scale sisal estates. 
VL 2: Cgnometra suaheliensis - Anacardium occidentale VL (plant communities 
Gl, Hl, H2, l, A2). 
2.1 original forest (tropical monsoon forest), community I. 
2.2 Cashew - coconut plantations: 
- 2.2.a mixed with arable or grazing land, complex with Gl, Hl, and A2; 
- 2.2.b pure stands, complex with Gl and Hl. 
2.3 Secondary shrub- and bushlands, complex with Hl. 
2.4 Agave sisalana monoculture plantation, complex with Hl and H2 comrnuni-
ties. 
VL 3: Terminalia spinosa - Magtenus senegalensis VL (plant communities Fl, 
F2, E and I). 
3.1 Original forest (only very small patches), plant community I. 
3.2 Wooded, bushed or shrubbed grassland, complex with Fl, F2 and E (see 
map legend): 
- 3.2.a Diospgros cornii - Lannea stuhlmannii grasslands (in the north); 
- 3.2.b Terminalia spinosa - Lannea stuhlmannii grasslands (centra! VL 
3-area); 
- 3.2.c Hyphaene coriacea - Lannea stuhlmannii grasslands (southern VL 
3-area). 
3.3 Shrub- and bushlands, with increasing amounts of arable land, c.q. in-
creasing intensity of ranging (units 3.3.a - 3.3.d), complexes with 
Fl, F2 (unit 3.3.d) and E. 
3.4 River valleys, with complex patterns of bush-, shrub- and grasslands, 
or arable land. Locally Acacia polyacantha forests occur, e.g. near 
Sokoke, complex with Fl and E. 
VL 4: Cocos nucifera - Chlorophora excelsa VL (plant communities G2, Hl, 
. 
E, D2, A2, I). 
4.1 Original forest (the Kayas Fig. 19), tropical monsoon forest, com-
munity I. 
4.2 River valley complexes, characterized by the cultivation of rice (Oryza 
sativa), complex with community E. 
4.3 Cocos nucifera plantations (mixed with cashewnut, mango, citrus and 
banana): 
- 4.3.a pure stands, community G2; 
- 4.3.b complex with grassland and arable land (on the slopes), plant 
communities Hl, A2, and D2; 
this is a very large unit, which opens gradually and is con-
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Fig. 19 . Kaya Kambe seen from Kinangoni Hill, August 1983. Note cultivated field on soils 
of the Mtomkuu Formation (photo H. Waaijenberg). 
tinuing into units VL 5 and 6. 
4.4 Bushland, mixed with arable and grazing land, complex with Hl. 
4.5 Woodland, alternated with arable land , complex with Hl and I; 
this woodland borders the Brachgstegia woodland of VL 5, but differs 
both in structure and floristic composition. 
VL 5: Brachgstegia spiciformis - Manilkara zanzibarica VL (plant communi-
ties Al, A2, B, C and Dl). 
5.1 Brachystegia woodland with dense understorey complex of Al and A2 
(mainly Al). 
5.2 Brachystegia woodland with open understorey (due to grazing) complex 
of Al and A2 (mainly A2). 
5.3 Secondary bush- and shrublands, complex with A2, B and C. 
5.4 Bush- and shrubland on clayey, locally saline and/ or sodic soils, com-
plex with B, C and Dl. 
VL 6: Salvadora persica - Acacia nilotica VL (plant communities B, c, Dl, 
D2 , E and A2). 
6.1 Bushed grassland, complex with f, Dl and D2: 
- 6.1.a less than 1/5 arable land (dryer positions); 
- 6.1.b more than 1/5 arable land (moist positions). 
6.2 Bush- and shrubland, with increasing amounts of arable land (units 
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6.2.a. - 6.2 . c), complex with Dl and D2 . 
6.3 Brachgstegia woodlands and thickets , on sandy hills and elevations, 
complex with A2 , Dl and D2. 
6.4 River valley complexes, with comrnunities Band Dl. 
VL 7 : Ipomoea pes-capre - Rhizophora mucronata VL (plant comrnunities J and 
K). 
7.1 Shorelines of the Indian Ocean: plant community J; two shore types may 
be recognized i.e .: 
- shores delineated by a coral rock scarp (with Capparis cartilaginea 
shrub formations); 
- shores with (mi nor) dunes (formed out of calcareaous sand). 
The off-shore vegetation (subject to tides) is characterized by marine 
angiosperms belonging to three families: Potamogetonaceae, Hgdrochari-
taceae and Zosteraceae . Along with these, Phaephgta, Rhodophgta and 
Chlorophgta represent the seeweeds , of which the Chlorophgta seem to 
form the majority. 
7 . 2 Creek shores: mangrove swamps, plant community K. 
Fig. 20 . Small-scale tomato growing i n Pingilikani, about 17 km south-south-west of Kilifi , 
September 1983. The house i s t ha t ched with palm leave t i l es {makuti ) {photo H. Waaijenberg) . 
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A 
1 
t 
E 
intensive exploitation (clearing) 
~ ~ ~ intensive exploitat ion (gathering of wood, rang ing) 
--------~ burning 
KEY: 
A = Croton pse udopul che llus FOREST 
B = DEGENERATED FOREST 
C = Kleinia pluniordes BUSHLAND 
D = Thespesia danis SHRUBLAND 
E = Securenegia veroia ARABLE LAND 
BE = WOODED GRASSLAND 
Fig. 21. Vegetation fonnations evolving into each ether. 
1.5.5 Human influence on the vegetation 
As has already been stated in Section 1 . 5.1, the human influence on land 
( and thus the vegetation) has been and still is significant in the Kilifi 
Area (Fig. 20). Table 7 shows agricultural activities and their intensity 
in the main landscapes. The relation between human activities and the re-
sulting vegetation was studied in detail in the northern part of vegetation 
unit VL 3 (Kuyper , 1982). This area was selected because: 
geology and soils are rather homogenous (heavy clay soils on shales); 
climatic conditions are uniform; 
human activities are still traditional; the vegetation shows a comp lex, 
dense mosaic of formations, ranging from (supposedly) original forest to 
wooded grassland. 
The processing of 50 relevés (river valleys were neglected) resulted in 
the recognition of six plant cornmunities, each representing a certain de-
gree of human influence. As can be seen from Fig. 21, the vegetation forma-
tions evolve into each other in a cyclic way. Return to the original forest 
takes a very long time and is not likely to occur. Burning of the vegeta-
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Table 7 . Agricultural activities and their intensity in the main landscapes 
of the Kilifi Area . 
Land-
scape 
VL 1 
VL 2 
High intensity 
Large scale dairying 
Irrigated horticulture 
Large scale 
Sisal production 
Medium 
intensity 
Exploitation 
of coconuts 
Coconuts 
Cashewnuts & 
Grazing 
Medium scale dairying Maize-tractor 
VL 3 ploughing 
Low intensity 
intensity 
Cashewnuts 
Bananas 
Timber 
Coconuts Cashewnuts 
VL 4 Cashcrops Bananas 
Rice (valleys) Citrus 
VL 5 
VL 6 
VL 7 
Agricultural Research 
Station 
Cows , goats, 
Sheep ranches 
Pineapple 
Very low 
intensity 
Cashewnuts 
Mango 
Goats, sheep , cows 
Cashew 
Mango 
Cows , goats 
Goats 
Goats, cows 
Cashew , mango 
Cashew, cows 
Charcoal (timber) 
Cows, goats 
Mangrove wood 
for hous cons-
truction 
tion apparently results in the formation of wooded grasslands in all cases. 
These are grasslands with isolated trees or bushes, often situated on slight-
ly higher sites (former termite mounds). For these particular sites, the 
term ' bushmounds' was introduced (Section 1.5 . 3) . 
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2 Methods 
2.1 INTRODUCTION 
This chapter provides information on methods applied for the soil s urvey, 
the laboratory testing of soil samples and the cartography . The methods that 
have been practised for the studies on vegetation and land-use, farming sys-
tems and land evaluation have been described in the chapters in question. 
2.2 OFFICE METHODS 
Prior to the fieldwork all available aerial photographs, topographic and 
geological maps, reports and other literature about the Kilifi Area were 
collected and studied. 
The area is covered by topographic maps from t he Survey of Kenya at a 
scale of 1 : 50 000, viz. the sheets 198/ 1 (Bamba), 198/ 2 (Kilifi), 198/3 
(Mazeras) and 198/4 (Vipingo). Together these four s heets form the quarter-
degree sheet 198 (Kilifi) of the soil map of Kenya, to be published at scale 
1 : 100 000. 
The aerial photographs cover the area at a scale of approximately 
1 : 50 000 . Certain selected areas , to be discussed in the following para-
graph, are covered by aerial photographs at a larger scale, mainly approxim-
ately 1 : 10 000. 
All aerial photographs were acquired from the Survey of Kenya, except 
those of an area near Ganze, which were ordered from a private firm. Most 
of the photography was done in 1969, which in some areas brought about con-
fusion, due to changes in roads, land-use etc . The Ganze photos were taken 
in 1982. 
A geological map of the area at a scale 1 : 250 000 existed (Caswell, 
1956). Moreover, the project made use of preliminary geological maps 
( 1 : 50 000), which were recently produced by the Ministry of Mines and 
Geology. 
2.3 FIELD METHODS 
As a first step in the reconnaissance survey a general inventory on soils, 
vegetation and land-use was implemented on basis of aerial photo-interpre-
tation and 6 weeks of fieldwork by 5 surveyors and their assistants. 
Results have been published by Floor et a l . (1980). The soil inventory map 
was then used to s elect eight s o-calle d sample a reas , indic ated in Appendix 5 
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Between February 1980 and May 1982 a number of surveyors worked on these 
areas in detail and/or semi-detail. After having accomplished the sample 
area survey, a much larger area adjacent to and including the sample area 
was surveyed and mapped on a reconnaissance basis (1 : 50 000). In genera!, 
the same surveyor worked on both subjects. In each survey, numerous routine 
augerings were made with an Edelman soil auger (mostly sand-type), in gen-
era! to a depth of 120 cm. The sites were chosen from aerial photographs 
and pinpointed on the photo and the fieldmap. Properties of land, soil and 
vegetation were recorded on standard forms of the Kenya Soil Survey (KSS), 
that are based on forms used by FAO (1977). All completed forms are at the 
disposal of the KSS archives. A great number of soil pits have been de-
scribed and sampled. Profile descriptions and analytica! data of samples 
from thirty soil pits which can be regarded as representative for the soil 
unit concerned, are given in Appendix 6. Their location and serial number 
are given in Appendix SF. 
The separate reconnaissance soil maps were finally compiled into the ac-
tual Kilifi mapsheet (1981) and reduced to 1 : 100 000. 
A few profiles have been selected by the International Soil Research and 
Information Centre (ISRIC), Wageningen, The Netherlands, for further analy-
sis and study, particularly including micromorphology. Of these profiles 
soil monoliths have been prepared for display at ISRIC. 
Apart from the soil surveys, a number of related soil, vegetation and 
erop studies have been carried out by post-graduate students. A few have 
been published as Preliminary Reports (Kilifi-series). 
All ether reports are available for restricted use at the KSS, Nairobi. 
2.4 LABORATORY METHODS 
Most determinations for soil characterization were done at the National 
Agricultural Laboratories (NAL) in Nairobi. About five hundred soil samples 
were analysed there. The procedures are summed up below. Moreover, numerous 
soil samples have been analysed at the TPIP laboratory in Kilifi. Especially 
soil texture, moisture retention (pF) and organic matter content were deter-
mined, partly on behalf of the survey, partly for the benefit of soil re-
search subjects. Most soil mineralogy analysis has been done at the labora-
tory of the Coast Geoscience Project in Kilifi. 
The samples received the following treatments . 
Texture 
NAL. Treat mechanically to remove cementing agents; shake overnight with 
sodium hexametaphosphate and sodium carbonate in an end-over-end shaker. 
Measure silt and clay ( <0.05 mm) with a hydrometer after 40 s and clay 
(<0.002 mm) after 6.4 h. The difference represents sand (0.05-2 IJUll). 
TPIP. Destroy organic matter with hydrogen peroxide (volume fraction 0.3); 
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remove carbonates and iron coatings with HCl (concentration 2 mol/ l) . 
Dilute the sample and siphon three times. Sieve wet with a 0 . 05-mm sieve to 
separate sand. Collect the rest in a sedimentation cylinder and disperse 
with sodium pyrophosphate (concentration 120 mmol/ l). After shaking, pip-
ette off silt <0.05 mm and clay <0.002 mm. After drying sieve the sand into 
fractions of 2 . 0-1.0 mm, 1.0-0.50 mm, 0.50-0.25 mm, 0.25-0.10 mm and 0.10-
0.05 mm. 
pH and electrical conductivitg 
NAL. For soils with an electrical conductivity (EC) >120 ms at 25 °C, pre-
pare a saturation extract (paste) for measurement of pH (paste) and EC. 
Measure pH (H20) in a soil-water suspension and pH (KCl) in a suspension of 
soil in aqueous KCl (concentration 1 mol/ l) of volume ratio 1 : 1. 
Mass fraction of carbon 
NAL. Walkley and Black method (Black, 1965, p. 1372-1376) for A horizon 
only. No correction factor was used to compensate for recovery. 
TPIP. Walkley and Black with a correction factor of 1.43. 
Mass fraction of nitrogen 
NAL. Semi-micro Kjeldahl on A horizon only (Black, 1965, p. 1374-1375). 
Substance content of exchangeable cations 
NAL. Leach soil with ammonium acetate (concent. 1 mol/ l) of pH 7 . 0. Estim-
ate Na, K and ca by emission spectrometry and with addition of lanthanum 
chloride for calcium. Estimate Mg by atomie absorption spectrometry. 
Cation-exchange capacitg 
NAL. After leaching out exchangeable cations, wash the soil with aqueous 
ethanol (volume fraction 0.95) and percolate with acidified NaCl. Steam-
distil off the ammonia and titrate against HCl ( concentration 10 mmol/ l) 
(Houba et al., 1979). 
Exchangeable aciditg 
NAL. Extract soil with BaC12 (concentratio~ 300 mmol/ l), not buffered at 
any pH and titrate (Mehlich et al . , 1962). 
Mass fraction of available nutrients 
NAL. Soak for 1 h with acid (concentration of HCl 100 mmol/ l and of H2so4 
12.5 mmol/ l) in a volume ratio 1:5 and shake for 10 min. 
Estimate Ca, K and Na in the extract by emission spectrometry after anion-
resin treatment to counteract precipitation of Ca-salts. Estirnate Mg by 
atomie absorption spectrometry with thiazol yellow, P with vanadomolyb-
dophos phoric yellow, and Mn with phosphoric a c id and potassium periodate 
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(Mehlich et al., 1962). 
Bulk density (volumic mass) 
Dry a known volume of soil core at 105 °C and weigh (Richards, 1954) . 
Moisture tension 
TPIP. Estimate mass fraction of moisture in saturated soil and soil after 
equilibration with sandbox to pF 0 . 4, 1 . 0, 1.5 and 2.0, and kaolin box (for 
pF 2.3 and 2 . 7) and pressure equipment to pF 3.0, 3.7 and 4.2 (Stakman et 
al., 1969). 
2.5 CARTOGRAPHIC METHODS 
The cartographic work was done in the office of the training project 
(Kilifi), at the Kenya Soil Survey (Nairobi), at ITC (Enschede), at the 
Agricultural University, Department of Soil Science and Geology (Wagenin-
gen) and at the Netherlands Soil Survey Institute (Stiboka) in Wageningen. 
After preparation of all plates, a proof print of the coloured map on 
11 Kromecote 11 was produced with a 11 Cromalin 11 proofing machine. The maps were 
printed by Sythoff Printers at Rijswijk, the Netherlands. 
For the area surveyed, a base map on scale 1 : 100 000 was not available. 
So four adjoining sheets (198/1-4) of the Survey of Kenya (1962-3) on scale 
1 : 50 000 were assembled to cover the area. Each sheet was simplified and 
three negatives were prepared for each sheet: a negative with topographic 
details, one with contour lines, and one with drainage aspects. Then each 
sheet was generalised and reduced to the final scale of 1 : 100 000 and the 
four sheets were joined together as a positive film . New relevant elements 
that were not yet featured on the sheets were added, for instance new roads. 
This additional information was collected during fieldwork and from aerial 
photographs . 
The coloured soil map (Appendix 1) was prepared with a sequence of seven 
plates: a black plate for all topographic details, soil boundaries, symbols 
and legend; a solid blue plate for rivers and other drainage aspects; a 
brown plate for contour lines; a black plate to provide symbols or screens 
for hills, minor scarps and depth classes, and three plates in the primary 
colours yellow, red and blue for the soil units. 
The black-and-white soil map (Appendix 2) required a fourth plate: a 
black plate with agro-climatic zones. 
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3 The soils 
3.1 PREVIOUS WORK 
Gethin- Jones & Scott (1959) prepared a 1 : 3 000 000 soil map for the 
first edition of the National Atlas of Kenya. It was reprinted in 1962 (2nd 
edn) and 1970 (3nd edn). The authors recognized the following soil units 
within the survey area: 
coral rag, which coincides with t he soil developed on coral limestones 
with sand admixtures (Reef Complex ) , 
red and yellow sands of the coastal strip (Kilindini Formation), 
dark red loamy sands (latosolic soils), more or less covering the soil 
of the Magarini Formation, 
brown clays (grumosolic soils), covering the soils of the Mtomkuu For-
mation, 
yellow-red loamy sands (podsolic soils); the position of this unit on 
the map of Gethin- Jones and Scott coincides with the soils developed on 
limestone (Kambe Formation); their description however, does not because 
the soils of this unit are red to reddish-brown sandy clays to clays and 
certainly in no way podsolic, 
a complex of dark red loamy sands (latosolic soils), dark red brown 
loams, brownish yellow l oamy sands (with laterite horizon) and brown clays 
( grumosolic soils); part of this complex covers the soils of the Mazeras 
Formation, 
a complex of light yellow-brown loamy sands with laterite horizon, brown 
clays (grumosolic), and shallow stony soils with rock outcrops: part of this 
complex covers the soils of the Mariakani Formation. 
The survey area is also covered by the Exploratory Soil Map (scale 
1 : 1 000 000), prepared by the Kenya Soil Survey (Sombroek et al., 1982). 
While comparing the section of this map which covers the Kilifi Area with 
the simplified soil map of the Kilifi Area (Appendix SC), the following re-
marks can be made : 
the Pc units coincide well with t he P2 units of the survey area, 
unit Uc2 coincides with UT2 of t he survey area, 
unit Uc9 coincides with parts of US, 
unit Uc4 coincides better with UO and PlO (soils on bay deposits) than 
with US and USK, which also cover parts of the Uc4 area, 
UcB is a compilation error: the unit coincides with an area that is re-
presen ted by UEl in the survey area: hence, Lc2 should be read instead of 
UcB , 
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unit Lel coincides well with UL; this area is, however not considered a 
plateau in this survey, 
unit Lc3 covers part of the USK units, and its description indeed covers 
the soils of that area; geomorphologically, this area is not considered a 
plateau in the present survey, 
H20 does not cover a similar unit; it is depicted on the map as a ridge 
of hills, which is correct, but the soils that have developed here show 
more ressemblance with the description of unit Uc9, 
unit Psl6 coincides with PlO, 
unit A13 concides with AAx and BAc3, 
unit T coincides with TAx and parts of TAc. 
The preliminary shape and contents of the Exploratory Soil Map, and also 
the adjacent mapsheets 200 and 201 of the KSS reconnaissance soil map of 
the Kwale-Mombasa-Lungalunga Area, were of much help during the initia! 
stages of the survey of the Kilifi Area. 
A reconnaissance soil map at scale 1 : 250 000 (Voi Area, Van Wijngaarden & 
Van Engelen, 1985), borders the Kilifi Area in the west. 
3.2 GENERAL PROPERTIES OF THE SOILS 
The soils of the Kilifi Area represent a wide range of profile charac-
teristics. Differences in e.g. parent material, age or drainage condition 
have delivered an array of soils from high to low agricultural potential. 
With reference to chapter 1 . 3 and to Appendix SA and SB, the following 
subdivision into major landforms can be made: 
Minor Scarps, 
Coastal Uplands, 
Coastal Plains, 
Floodplains, Minor Valleys and Bottomlands, 
Tidal Flats and Swamps, 
Dunes. 
3.2.1 Minor Scarps 
The Minor Scarps represent small but prominent features in the landscape 
with a relief intensity of 50-200 m/km2 and slopes ranging between 16 and 
30%. The soils have developed from various parent materials. The survey area 
comprises two major escarpments: 
the Kaloleni escarpment (HSKC), running approximately east-west from Ka-
loleni to Gotani; 
the Mazeras escarpment (HXlC), running approximately northeast-southwest 
from Mwarakaya/Mbuyuni to Mazerns and including the adjacent river gorges 
(HX2C). 
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3.2.2 Coastal Uplands 
The Coastal Uplands cover approximately two-thirds of the area and have 
a relief intensity of less than 100 m/km2 and slopes that mostly do not ex-
ceed 16% . 
The soils are grouped according to landform (Chapter 1 . 3) and to parent 
material, which also constitutes the basis for the map legend (Appendix 1). 
The Kaloleni upland is situated in the northwestern part of the survey 
area, at altitudes of 250-350 m and with a gently undulating relief . Parent 
materials: fine grained sandstones and siltstones (Mariakani Formation) and 
coarse grained sandstones (Mazeras Formation). The soils developed on the 
Mariakani Formation are predominantly somewhat excessively drained to well 
drained, very deep, yellow and sandy. Four mapping units have been recog-
nized, USKf being the largest and the sandiest; USKl and the association 
USI<Al possess subsoils with redder hues and heavi er textures (sandy clay 
(loarn)), and the soils of the association USKA2 have hydromorphic proper-
ties. The soils developed on the Mazeras forrnation of the sandy category 
are (sornewhat) excessively drained, mostly very deep and white to yellowish 
brown (USsl and USs2p) or yellowish red (USs3). They have a low rnoisture 
storage capacity. A large area is occupied by unit UScl, which has deep, 
red sandy clays, that in places underly a light-textured surface soil; 
these soils have a sornewhat better rnoisture storage capacity. Units USlp 
.and USc2 cover small areas. 
The Dzitsoni upland is situated in the centre of the area as a rather 
narrow, elongated zone, running approximately north-south. Altitude ranges 
from 100 to 200 m, relief is (gently) undulating and dissection by rivers 
is negligible in most places. Parent material is limestone (Kambe Forrna-
tion). The soils of the two mapping units (ULcl and ULc2) consist of pre-
dorninantly well drained, deep to very deep, red sandy clays to clays. Rock 
outcrops are scattered throughout parts of ULcl. The soils possess a high 
porosity and are very well structured in both surface soil and subsoil. 
The Rabai upland, occurring both in the south-west (very gently undula-
ting relief) and in the central-north (undulating to rolling relief) of the 
area, at an altitude of about 150-250 m. The soils of the four mapping units 
have been derived from sandy and clayey Bay deposits. Those in the southwest 
are moderately well drained to imperfectly drained, deep , brown sandy clay 
loams (UOl), and often saline and/or sodic clays (UOc2p). Reddish and slight-
ly better drained sandy clays are mostly covered by a sandy surface soil 
(UOcl). Scattered 'islands' of well drained, pale brown, loamy very fine 
sands constitute the fourth unit of the Rabai upland (UOf). Clayey soils, 
developed from Mariakani shales, occupy a small area in the Rabai upland 
(unit UTlC). 
In the central-northern part the mode rately well drained , very deep, 
brown often s a line and/ or sodic c lays occ ur aga i n (UOc2p) . Summi ts and 
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ridges in this area have sandy soils of the Mazeras Formation (USsl and 
USs3). 
The Lutsangani upland is represented by a wide zone, which runs north-
south, and has a strikingly different appearance from the adjacent Dzitsoni, 
Rabai and Pingilikani uplands . Altitude ranges from 1-100 m, relief is rol-
ling and the area is strongly dissected. Parent material is shale (Mtomkuu 
Formation). In the southern and centra! parts of the Lutsangani upland the 
soils consist of well drained, moderately deep , yellowish red clays with 
vertic properties (UT2clp and UT2C). The northern part of the zone has also 
shallower soils with reddish brown colours (UT2c2p and UT2c3P). Poorly 
drained soils occur scatteredly (unit UT2c4) . A large portion of the Lut-
sangani upland is occupied by valleys which have steep sides, shallow soils 
and narrow valley bottoms with poorly drained clays . Only the larger val-
leys have been mapped, either as Minor Valleys (VX) or Floodplains (AA). 
The higher summits and ridges are covered with loamy sand (UE2f) and sandy 
clay loams (UE21), which are probably remnants of the Magarini Formation . 
The Pingilikani upland occurs as two separate areas in the north eastern 
and in the eastern part of the area, adjacent to the Lutsangani upland. The 
altitude ranges between 100-200 m, relief is flat to undulating, dissection 
is slight to moderate. The parent material is medium-grained unconsolidated 
sands (Magarini Formation). The major part of the Pingilikani upland has 
well drained, very deep, mostly dusky red to red , sandy loams (UElml) and 
sandy clays loams to sandy clays (UElll, UE112). 
3.2.3 Coastal Plains 
The Coastal Plains, cover approximately one-fifth of the survey area. 
They have a relief intensity of less than 10 m/ km2 and slopes that do not 
exceed 5%. The 'high level' plain is situated in the extreme western part 
of the area. It is referred to as the Bamba plain. Altitude ranges from 150 
to 250 m. The soils of the three units distinguished here were derived from 
sandy and clayey bay deposits . The soils of unit PlOl are moderately well 
drained, deep to very deep, brown, mottled sandy clays, locally with a fine 
sandy surface soil . Unit PlOf comprises fine sandy soils, in places with a 
fragipan. The third unit is an association of PlOf and PlOl. Part of the 
soils is rich in exchangeable sodium and has a soil surface that is easily 
compacted and sealed. 
The 'low level ' plain which is located as a wide elongated strip along 
the coast, is referred to as the Kibarani plain. It falls apart into three 
groups : 
soils developed on marls (Baratume Formation) : association of calcareous 
clay soils that comprise only a small area (P2WA); 
soils developed on medium and coarse grained sands (Kilindini Formation): 
very deep, yellowis h brown and yellowish red s oils of s andy to loamy tex-
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ture (P2Eml, P2Em2, P2Em3, P2Em4) and of loamy to clayey texture (P2Ell, 
P2El2, P2El3, P2Ec and association P2Ell-P2El3); the soils of the first 
group are sornewhat excessively drained to well drained, the soils of the 
second group contain also hydrornorphic soils (P2El 3, P2Ec); 
soils developed on coral limestone with sand adrnixtures (Raised Reefs); 
well drained, shallow to moderately deep, red sandy clay loams (P2LllP, 
P2Ll2p) and clays (P2Lcp); rock outcrops occur in places. 
3.2.4 Floodplains, Minor Vallegs and Bottomlands 
The Floodplains of the major river systerns in the area have soils devel-
oped on recent alluvial deposits. Lower river terraces are rnostly included . 
In general, the soils are irnperfectly to poorly drained, deep, brown to 
greyish brown sands to sandy clays (AAx). Rivers traversing the clayey Lut-
sangani upland such as the Rare , the Ngombeni and the Mtomkuu have flood-
plains with cracking clay soils (AAc). 
Minor Valleys contain soils developed on various parent rnaterials, be-
cause the mapped valleys include both the flat valley floors and the lower 
valley slopes. Unit VXA consists of an association of imperfectly to poorly 
drained , moderately deep, grey sandy clays (valley floers) and well drain-
ed, rnoderately deep, brown sandy loams, often with a sandy surface soil 
(lower slopes). The minor valleys in the Lutsangani upland have cracking 
clayey soils of varying drainage condition, depth and colour (VXC). 
The Bottomlands are flat areas with no or little external drainage. The 
soils have developed on various unconsolidated deposits. They are generally 
rnoderately well drained to poorly drained, deep, greyish brown, rnottled 
sandy clays (BAcl, BAc2, association BAcl-BAc2) . Few bottomlands contain 
saline and/ or sodic soils (BAc3). 
3.2 . 5 Tidal Flats and swamps 
Tidal Flats and Swarnps are areas fringing the tidal creeks. The soils 
have developed on recent marine deposits. They are poorly drained, very 
deep, grey to olive brown, very soft (unripened), saline, sodic and/ or sul-
fidic soils of either various texture (TAx), clays (TAc) or muck (TAo). 
3 . 2.6 Dunes 
The Dunes are located, either imrnediately along the shore at an altitude 
of 0-15 rn (Kikarnbala dunes) or somewhat further inland along the former 
shoreline at an altitude of 15-50 m (Makende dunes ). 
The Kikambala dunes have soils which are (very weakly) developed on re-
cent coastal sands. The sandy soils are excessively drained, very deep, 
pale brown to light grey and strongly calcareous (DEl). 
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The Makonde dunes have soils that are wel! drained, very deep, brown, in 
places calcareous sands and loamy sands (DE2). 
3.3 DESCRIPTION OF MAPPING UNITS 
3 . 3.1 Codes and terminology 
Soil mapping units are units of land with a particular soil. They can be 
separated spatially in the field, can be shown on maps, and can be used for 
land evaluation purposes. All mapping units have been briefly described in 
the legend to the soil map and have been indicated as such on the map by a 
code (Appendix 1). 
The legend has been set as follows: the main subdivision is based on 
physiography (first character), the second entry is the parent rock or 
parent material with indication of geological formation (second character), 
and at the third level soil properties are diagnostic, in particular tex-
ture class (fourth character), (soil drainage) and soil depth (sixth char-
acter). Subdivision of the mapping units according to slope classes intro-
duces further detail. 
Physiography 
Minor Scarps 
Coastal Uplands 
Coastal Plains 
Floodplains 
Minor Valleys 
Bottomlands 
Tidal Flats and Swamps 
Dun es 
Parent material and/ or rock 
Sandstones 
Siltstones 
Shales 
Limestones 
Mixed parent rocks 
Unconsolidated sandy deposits 
unconsolidated clayey deposits 
Undifferentiated, unconsolidated 
deposits 
Marls 
Character 
H 
u 
p 
A 
v 
B 
T 
D 
Character 
s 
K 
T 
L 
x 
E 
0 
A 
w 
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Texture class 
(loamy) fine sand (50-250 µm) 
(loamy) medium sand (250-500 µm) 
(loamy) coarse sand (500-2000 µm) 
(sandy) loam and (sandy) clay loam 
sandy clay and clay 
organic soils (muck) 
mixed textures, undifferentiated 
Second serial number 
Character 
f 
m 
s 
1 
c 
0 
x 
For soils with similar major characteristics a serial number (1, 2, 3) 
is given, to express minor variations in drainage condition, soil depth, 
soil texture, soil colour, etc. 
Depth class 
The depth classes have only been indicated , if the major part of the soil 
unit has shallow soils ( <50 cm) over rock (P) or moderately deep soils (50-
80 cm) over rock (p). 
Slope class 
0-2% 
2-5% 
5-8% 
8-16% 
16-30% 
>30% 
flat to very gently undulating 
gently undulating 
undulating 
rolling 
hilly 
steeply dissected 
Character 
A 
B 
c 
D 
E 
F 
Slope class is not part of the unit codes. On the soil map, however, 
slope classes have been indicated in capitals. A soil unit may be sub-
divided into several sections of different relief. 
U T 2 c 3 P Example of mapping unit code : BC 
u = physiographic unit (uplands) 
T = parent rock (shales) 
2 = first seri al number 
c = gener al texture class (clayey) 
3 = second serial number 
p = soil depth (shallow over rock) 
BC = slope class (gently undulating to undulating) 
54 
In the legend, the various characteristics of the mapping units are 
listed in the following order: drainage condition, soil depth range, soil 
colour (moist) range, mottling (if any), soil consistence (moist), soil 
texture range, inclusions (if any, e.g. 'in places saline and/or sodic'), 
texture of surface soil ('underlying . . . '), texture of subsoil ('over-
lying . .. '). 
The descriptions denote the characteristics of the subsoil (usually the 
B-horizon) above 100 cm. Whenever the surface soil and/or the deeper sub-
soil differ(s) from the subsoil by two or more textural classes, they are 
also described. In case of a textural change within 150 cm, the texture of 
the deeper subsoil is also given . 
The terminology of the legend is according to the definitions given in 
the 1962 supplement of the soil survey Manual (Soil Survey Staff, 1951), 
and to the FAO Guidelines for Soil Profile Description (1977). The colour 
indications are based on the Munsell Color Charts (1975) and are given for 
moist conditions. The same holds for the description of the individual soil 
mapping units and the profile descriptions given in Appendix 6. The soils 
are classified according to the Legend of the FAO/Unesco Soil Map of the 
World (1974). 
Modifications and additions to this system are indicated by an asterisk 
(Siderius & Van der Pouw, 1989) . 
3.3 . 2 Comprehensive description of mapping units 
The reconnaissance soil map of the Kilifi Area comprises 60 mapping 
units. In this paragraph, the units have been described comprehensively . 
The sequence, in which the details have been presented, is more or less ac-
cording to the sequence given in 'Guidelines for Soil Profile Description' 
(FAO, 1977). 
The following order is maintained throughout the paragraph: 
map unit; 
soil classification (FAO/Unesco, Kenyan Concept, USDA); 
brief map unit description (largely ressembling the description in the 
map legend); 
representative soil profile(s) (described in Appendix 6); 
environmental characteristics (parent rock/ rnaterial, physiographic unit, 
topography and dissection, agro-climatic zone); 
soil characteristics (drainage, depth, colour, texture, structure, con-
sistence, permeability and moisture conditions, chemica! properties, miner-
alogy); 
vegetation and land-use; 
similarity of the mapping unit with ether units. 
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3.3.2.1 Soils of the Minor scarps 
Map unit: HSKC 
Total area: 635 ha 
Soil classification: 
FAO/Unesco (1974): chromic Vertisols, vertic and orthic Luvisols 
Kenyan Concept: -do-
Soil Survey Staff (1975): udic Chromusterts, vertic and udic Haplustalfs 
Brief map unit description: Complex of reddish brown to greyish brown, sandy clay to clay 
soils of varying drainage condition and depth 
Representative soil profile : Profile 1 (198/3-45) 
Environmental characteristics: 
Parent material: fine grained sandstones, siltstones and shales 
Physiographic unit: Minor Scarps 
Topography: Sloping to steep scarps; 
slope classes: D,E 
Agro-climatic zone: IV (> 90%) 
Soil characteristics: 
Drainage: varying 
Depth: varying 
Colour: dark brown to dark greyish brown surface soil; dark reddish brown to dark 
yellowish brown and light olive brown subsoil 
Texture: sandy clay to clay, mostly underlying 20-40 cm sandy loam 
Structure: moderate, medium, angular blocky to strong, coarse, prismatic, in places 
clay cutans or slickensides 
Consistence: finn to very firm (moist); 
sticky and plastic (wet) 
Permeability: initially high, but diminishes rapidly upon sustained we tting; 
Chemical properties: organic matter content of the A horizon is mostly in between 1 
and 2%, CEC (pH 8 .2) ranges from 100 to 200 mmol/kg soil, base saturation exceeds 
50%, pH (H20) is generally in between 5.5 and 6.5 
Clay mineralogy: predominantly montmorillonitic clay minerals 
Vegetation and land-use: Bushed grassland; extensive grazing 
Annual and semi-annual field crops: maize, cassava (of minor importance) 
Similar soils: The soils of units HSKC, P2Lcp, AAc, VXC, P2Ee, P2WA, 8Ac2 and the UT-units 
predominantly consist of fine textured, cracking clays 
Map unit: HXlC 
Total area: 2130 ha 
Soil classification: 
FAO/Unesco (1974): vertic and eutric Cambisols and Luvisols , partly lithic phase, eutric 
Regosols 
Kenyan Concept: -do-
Soil Survey Staff (1975): typic and lithic vertic Ustropepts, lithic Ustorthents 
Brief map unit description: Complex of clay soils of varying drainage condition, depth, 
colour and rockiness; in places calcareous 
Representatieve soil profile: Profile 2 (198/3-72) 
Environmental characteristics: 
Parent material: sandstones, shales and limestones 
Physiographic unit: Minor Scarps 
Topography: Sloping to steep scarps; 
slope classes: D,E 
Agro-climatic zone: III (approx. 50%) 
IV (approx. 50%) 
Soil characteristics: 
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Drainage: mostly well drained, in places poorly drained 
Depth: mostly shallow to moderately deep 
Colour: varying colours 
Texture: clay, underlying 0-40 cm sandy loam to clay l oam 
Structure: moderate, medium, subangular blocky to moderate, coarse , prismatic (in 
places vertic properties) 
Consistence : firm (moist); sticky and plastic (wet) 
Permeability : initially high , but diminishes rapidly upon sustained wetting; 
Chemica! properties: organic matter content of the A horizon is about 1%, CEC (pH 8.2} 
is 130 mmol/kg soil , base saturation exceeds 50%, pH(H20) is 6.0 to 6.5 
Clay mineralogy: undifferentiated clay minerals 
Additional remarks: the shallowest soils are located at the steepest sites 
Vegetation and land-use: Bushed grassland 
Annual field crops : maize (of minor importance) 
Perennial fruits : mango (of minor importance) 
Map unit : HX2C 
Total area : 1950 ha 
Soil classifi cation : 
FAO/Unesco (1974): Lithosols, dystric Cambisols, gleyic Acrisols, partly lithic phase 
Kenyan Concept: dystric Lithosols, -do-
Soil Survey Staff (1975): typic and lithic Ustropepts, epiaquic and lithic Haplustults 
Brief map unit description : Complex of shallow, rocky and stony soils of varying drainage 
condition, colour and texture 
Representative soil profile(s) : none 
Environmental characteristics: 
Parent material : coarse and fine grained sandstones 
Physiographic unit: Minor Scarps 
Topography : Sloping to steep scarps and valleysides ; slope classes: D,E 
Agro-climatic zone : IV 
Soil characteristics: 
Drainage : well drained to imperfectly drained 
Depth: shallow to deep 
Colour: varying colours 
Texture : sandy loam to clay 
Consistence: varying with texture 
Permeability: lateral drainage predominates because of topography and soil shallow-
ness 
Chemical properties: no data 
Clay mineralogy: undifferentiated clay minerals 
Additional remarks : the shallowest soils are located at the steepest sites 
Vegetation and land-use: Bushed grassland and badlands; 
Extensive grazing 
Annual field crops: maize (of minor importance) 
3 . 3 . 2 .2 Soils of the Coastal uplands 
Map unit : USKf (Fig . 22, 23) 
Total area: 17470 ha 
Soil classification : 
FAO/Unesco (1974) : albic and luvic Arenosols 
Kenyan Concept : -do-
Soil Survey Staff (1975): ustoxic Quartzipsamments, alfic Ustipsamments 
Brief map unit description: Somewhat excessively drained, light brown to yellow, fine sa~d 
to sandy loam (albic Arenosol); in places with lamellae of clay accumulation (luvic 
Arenosol) 
Profi les with little horizon development, a low nutrient status and a high to very 
high permeability 
Representative soil profiles: Profile 3 (198/1-3) and Profile 4 (198/1-81) 
Environmental characteristics : 
Parent material : fine grained sandstones and silt stones 
Physiographic unit: Coastal Uplands (Kaloleni upland) 
Topography and di ssection: flat to undulating; 
slope class(es): AB, mostly BC; 
slightly to moderately dissected by minor valleys (VXA) and bottomlands (BAc2) 
Agro-climatic zone: IV (approx. 40%) 
V (approx. 60%) 
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Fig. 22. Soil unit USKf (albic and luvic Arenosols) in Kinarani, about 11.5 km north-west 
of Kaloleni (photo H. Waaijenberg). 
Range of profile characteristics: 
Drainage : somewhat excessively drained 
Depth : very deep 
Colour: very dark greyish brown to light yellowish brown thin surface soil; very pale 
brown to yellow subsoil 
Texture: fine sand to sandy loam 
Structure: porous massive, weakly coherent to weak, medium, subangular blocky, locally 
a fragepan 
Consistence: loose to very friable (moist) non-sticky and non-plastic (wet) 
Permeability and moisture conditions: permeability is high to very high, unless a 
shallow fragipan is present 
bulkdensity is approximately 1.5 g/cm3 , porosity surface soil 40-50%, porosity sub-
soil 35-40%, moisture storage (pF 2.3 - pF 3.7) 7-15% by weight 
Chemical properties: organic matter content of the A horizon generally does not exceed 
1%, CEC (pH 8.2) is 20 to 80 mmol/kg soil, base saturation varies largely, pH(H20) 
ranges from 5.0 to 6.5 
Mineralogy : predominantly quartz and feldspars; 
Vegetation and land-use: (Brachystegia) bushed woodland; extensive grazing and browsing 
To a lesser extent annual and semi-annual fieldcrops (maize, pulses, cassava) and 
perennial industrial crops (cashew) 
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Fig. 23. Shifting cultivation with maize, banana and pineapple near Kwa Demu, about 16 km 
north-north-west of Kaloleni, February 1983 . The fact that, even under the dry conditions 
of the northwestern part of the Kilifi Area, people try to grow cocospalms illustrates the 
popularity of the erop (photo H. Waaijenberg) . 
Similar soils: the soils of unit USKf show resemblance with the following sandy soils: 
USs l (coarser textured), UE lml (redder) UE lm2, UE 2f, P2Eml and P2Em2 (redder) 
Map unit: USKl 
Total area: 2280 ha 
Soil classification: 
FAO/Unesco (1974): ferric and chromic Luvisols, orthic Acrisols 
Kenyan Concept: chromic Luvisols, orthic Acrisols 
Soil Survey Staff (1975): oxic Paleustalfs, Paleustults, typic Haplustults 
Brief map unit description: Well drained, deep to very deep, red to yellowish red, sandy 
clay loam to sandy clay, underlying 20-80 cm fine sand to sandy loam; 
ABC-profiles, thick B horizons, clear horizon boundaries, a moderate nutrient status 
and a moderate to high permeability 
Representative soil profile(s): none 
Environmental characteristics: 
Parent material: fine grained sandstones and siltstones 
Physiographic unit: Coastal Uplands (Kaloleni upland) 
Topography and dissection: gently undulating to rolling; 
slope classes: mostly BC, locally AB or CD; 
slightly to moderately dissected by minor valleys (VXA) 
Agro-climatic zone: IV 
Soil characteristics: 
Drainage: well drained, locally moderately well drained 
Depth: deep to very deep (Mtsengo area) 
moderately deep to deep (Ribe area) 
Colour: brown to dark brown surface soil; yellowish red to red subsoil; the higher 
the clay content, the redder the hue 
Texture: fine sand to sandy loam (20-80 cm), overlying sandy clay loam to sandy clay 
Structure: weak, medium, subangular to angular blocky; the argillic horizon is often 
porous massive, strongly coherent 
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Consistence: friable to firm (moist) slightly sticky and slightly plastic (wet) 
Permeability: moderate to high: argillic horizon can act as a stagnant layer 
Chemical properties: organic matter content of the A horizon is around 1%, CEC 
(pH 8.2) is 50 to 70 mmol/kg soil, base saturation varies considerably, pH(H2 0) 
is 5.5 to 6.5 
Mineralogy: predominantly quartz and feldspars 
Vegetation and land-use: (Brachystegia) bushed woodland; extensive grazing and browsing. 
Annual and semi-annual field crops: maize, pulses, cassava (to a lesser extent) 
and perennial industrial crops: coconut, cashew 
Similar soils: UScl and UOcl are somewhat heavier textured, UOl is less red, UElll and 
UE112 are older, P2El2 is less red and P2Ll2p is shallower; still, they show ap-
preciable resemblance with USKl 
Map unit: USKA 1 
Total area: 3725 ha 
Soil classification: 
FAO/Unesco (1974): ferric and chromic Luvisols 
Kenyan Concept: ferric Luvisols 
Soil Survey Staff (1975): oxic Paleustalfs 
Brief map unit description: Association of: 
Well drained, deep to very deep, yellowish red, 
sandy loam to sandy clay loam, underlying 20-60 cm loamy fine sand (ass. 1) 
sandy clay to clay (ass. 2) 
Representative soil profile: Profile 5 (198/3-43) for ass.l 
Environmental characteristics: 
Parent material: fine grained sandstones and siltstones 
Physiographic unit: Coastal Uplands (Kaloleni upland) 
Topography and dissection: flat to rolling; 
slope classes: AB,AC,BD; 
slightly dissected by minor valleys (VXA) 
Agro-climatic zone: IV 
Soil characteristics: 
Drainage: well drained, locally moderately well drained (ass. 2 only) 
Depth: deep to very deep, locally shallow to moderately deep (ass. 2 only slope class E 
Colour: dark brown to dark yellowish brown surface soil; red to reddish yellow subsoil 
Texture: ass.1 loamy fine sand (20-60 cm}, overlying sandy loam to sandy clay loam 
ass.2 sandy loam (20-60 cm}, overlying sandy clay to clay 
Structure: ass. 1: weak, medium, subangular blocky surface soil; porous massive, 
strongly coherent subsoil 
ass.2: moderate, coarse, angular blocky; clay cutans 
Consistence: ass. 1: friable to firm (moist); slightly sticky and slightly plastic 
(wet) 
ass.2: firm (moist); slightly sticky and slightly plastic (wet} 
Permeability and moisture conditions: permeability is high (ass.1} to moderate 
(ass.2); porosity is 40%, in the surface soil up to 50%, bulkdensity is approxim-
ately 1.6 g/cm3, moisture storage (pF 2.3 - pF 3.7) is 15 to 20% (surface soil) 
and 6 to 8% (subsoil) 
Chemical properties: organic matter content of the A horizon does not exceed 2%, CEC 
(pH 8 . 2) ranges from 30 (loamy sand) to 100 (sandy clay) mmol/kg soil, base satu-
ration exceeds 50%, pH(H20) is 5.5 to 6.5 
Mineralogy: predominantly quartz and feldspars 
perennial industrial crops (mainly coconut); 
Annual field crops (maize, cowpea and 
Perennial industrial crops: mainly coconut 
Vegetation and land-use: Grassed bushland and extensive grazing (to a lesser extent) 
Map unit: USKA 2 
Total area: 1745 ha 
Soil classification: 
FAO/Unesco (1974): gleyic Luvisols; gleyic Acrisols 
Kenyan Concept: -do-
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Soil Survey Staff (1975): aquic Paleustalfs; Paleustults 
Brief map unit description: Association of: 
imperfectly drained, deep to very deep, pale brown to light grey , mottled sandy clay 
loam to clay; in places underlying 20-40 cm fine sand to sandy loam (ass. 1) 
moderately well drained to imperfectly drained, deep, pale brown to gray, mottled 
sandy loam (ass. 2) 
Representative soil profile : Profile 6 (198/1-11) of ass.2 
Environmental characteristics: 
Parent material: fine grained sandstones and siltstones 
Physiographic unit: Coastal Uplands (Kaloleni upland) 
Topography and dissection: gently undulating to undulating; slope class: BC; slight-
ly dissected by minor valleys (VXA) 
Agro-climatic zone: V 
Soil characteristics: 
Drainage: imperfectly drained, ass. 2 also moderately well drained 
Depth: deep to very deep 
Colour: light yellowish brown surface soil; pale brown to light grey subsoil 
Texture : ass . l: sandy clay loam to clay, mostly underlying 20-60 cm fine sand to 
sandy loam 
ass .2: sandy loam throughout 
Structure: the upper 10 cm is often platy; moderate, medium, subangular blocky to 
strong, coarse, prismatic structures prevail in the different soil horizons; clay 
cutans in ass.l and 2 
Consistence: very firm (moist}, slightly sticky and slightly plastic (wet) (ass.l) 
friable (moist), non-sticky and non-plastic (wet) (ass.2) 
Permeability and moisture conditions : permeability is moderate, infiltration is ham-
pered by surface sealing, which is a common feature of the soils of unit USKA 2; 
porosity is approximately 45% (surface soil) and 35% (subsoil}, bulkdensity ranges 
between 1.5 and 1 .7 g/cm3, moisture storage (pF 2.3 - pF 3.7) is about 12% through-
out in ass. 2; detailed data on associate 1 are not available 
Chemica! properties: organic matter content of the A horizon is about 2%, CEC (pH 8.2) 
is 100 mmol/kg soil, base saturation exceeds (ass.l)/ does not exceed (ass . 2) 50%, 
pH(H2 0) is 5.0 to 6.0 
Mineralogy: predominantly quartz and feldspars 
Vegetation and land-use: (Brachystegia} bushed woodland; extensive grazing and browsing 
Map unit: USsl 
Total area: 9010 ha 
Soil classification: 
FAO/Unesco (1974): albic and luvic Arenosols 
Kenyan Concept: -do-
Soil Survey Staff (1975): ustoxic Quartzipsamments, alfic Ustipsamments 
Brief map unit description: excessively drained , very deep, pale brown to white, medium 
sand (albic Arenosol) ; in places with lamellae of clay accumulation (luvic Arenosol); 
AC-profiles with little horizon development, a low nutrient status and a high to very 
high permeability 
Representative soil profile: Profile 7 (198/1-12) 
Environmental characteristics: 
Parent material: coarse grained sandstones and arkoses 
Physiographic unit: Coastal Uplands (Kaloleni upland) 
Topography and dissection: flat to undulating; 
slope classes: AB, BC; 
slightly dissected by minor valleys (VXA) 
Agro-climatic zone: V ( > 90%) 
Soil characteristics: 
Drainage: excessively drained on places somewhat excessively drained 
Depth: very deep 
Colour: dark brown, thin, surface soil; pale brown albic material overlies reddish 
yellow to white subsoil 
Texture: (loamy) coarse to medium sand; lamellae in the subsoil can reach sandy loam 
texture 
Structure: predominantly porous massive, weakly to moderately coherent; single grain 
and weak, coarse , subangular blocky structures occur to a lesser extent 
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Consistence: loose (moist); non-sticky and non-plastic (wet) 
Permeability and moisture conditions: permeability is high to very high, porosity is 
35-40%, bulkdensity 1.5 g/cm3, moisture storage {pF 2.3 -pF 3.7) is approximately 
5-7% throughout the profile 
Chemica! properties: organic matter content of the A horizon does not exceed 1%, CEC 
(pH 8.2) is below 10 mmol/kg soil, pH{H2 0) is 5.0 to 5.5 
Mineralogy: predominantly quartz and feldspars 
Vegetation and land-use: (Brachystegia) bushland; extensive grazing and browsing; annual 
and semi-annual field crops: (maize, cowpea, cassava) and perennial industrial 
crops: (cashew) 
Similar soils: the following sandy soils show resemblance with those of unit USs 1, al-
though all of them have a finer sandy texture: USKf, UE1m2, UE2f, P2Eml and P2Em2; 
USs 2p diverges only because of soil depth 
Map unit: USs2p 
Total area: 1770 ha 
Soil classification: 
FAO/Unesco (1974): luvic and ferralic Arenosols 
Kenyan Concept: -do-
Soil Survey Staff (1975): ustoxic Quartzipsamments, alfic Ustipsamments 
Brief map unit description: somewhat excessively drained, moderately deep to very deep, 
reddish yellow to yellowish brown, coarse to medium sand to loamy medium sand (fer-
ralic Arenosols); locally occurrence of lamellae in the subsoil (luvic Arenosols); 
A(B)C-profiles, weak horizon development, low nutrient status and a high permeability 
Representative soil profile: Profile 8 (198/3-74) 
Environmental characteristics: 
Parent material: coarse grained sandstones and arkoses 
Physiographic unit: Coastal Uplands (Kaloleni upland) 
Topography and dissection: gently undulating to rolling; 
slope classes: AB, AC, BC, BO; 
slightly to moderately dissected. 
Agro-climatic zone: III (approximately 40%) 
V {approximately 60%) 
Soil characteristics: 
Drainage: somewhat excessively drained 
Depth: deep to very deep, with scattered inclusions of shallow and moderately deep 
soils 
Colour: dark yellowish brown surface soil; yellowish red to very pale brown subsoil 
Texture: loamy coarse to medium sand; texture of the lamellae, if present, sandy loam 
Structure: porous massive, weakly coherent to weak, fine, subangular blocky 
Consistence: loose to friable (moist}; non-sticky and non-plastic (wet} 
Permeability and moisture conditions: permeability is high, porosity is 35 to 40%, 
bulkdensity is approximately 1.6 g/cm3, moisture storage is only 7-8% throughout 
the profile (pF 2.3 - pF 3.7} 
Chemica! properties: organic matter content of the A horizon is in the vicinity of 
1%; CEC (pH 8.2) ranges from 10 to 50 mmol/kg soil, base saturation varies largely, 
pH(H2 0} is 5.5 to 6.5 
Mineralogy: predominantly quartz and feldspars 
Vegetation and land-use: (Brachystegia) bushland; sacred Kaja Forests. 
Annual and semi-annual field crops (maize, cowpea, cassava) and perennial indus-
trial crops (cashew in the north, coconut in the south) 
Similar soils: Apart from local shallowness, units USsl, USs3, UElml, UE1m2, UE2f, P2Eml 
and P2Em2 show resemblance with unit USs2p. 
Map unit: USs3 
Total area: 5495 ha 
Soil classification: 
FAO/Unesco (1974): chromic and orthic Acrisols, cambic Arenosols 
Kenyan Concept: orthic Acrisols, cambic Arenosols 
Soil Survey Staff (1975): Paleustults, typic Ustropepts 
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Brief map unit descri ption: Somewhat excessively drained , very deep , yellowish red to 
strong br own, coarse to medium sand to sandy loam; ABC-profiles with gradual and 
diffuse horizon boundaries, a low nutrient status and a high permeability 
Representative soil profile: none 
Environmental characteristics: 
Parent material : coarse grained sandstones and arkoses 
Physiographic unit: Coastal Uplands (Kaloleni upland) 
Topography and dissection: flat to undulating; slope classes: AB, AC, BC ; slightly 
dissected 
Agro-climatic zone: IV (approx. 25%) 
V (approx. 75%) 
Range of profile characteristics : 
Drainage: somewhat excessively drained (class 5) 
Depth : very deep 
Colour : strong brown to yellowish brown surface soil ; red to reddish yellow subsoil 
Texture: loamy coarse to medium sand, overlying sandy loam 
Structure : porous massive, weakly coherent , to weak, medium subangular blocky; clay 
cutans 
Consistence: loose to very friable (moist) ; slightly sticky and non-plastic (wet) 
Permeability; high 
Chemica! properties: organic matter content of the A horizon does not exceed 1%; CEC 
(pH 8 . 2) i s approximately 10 to 20 nunol/kg soil, pH(H2 0) is 5 . 5 
Hineralogy: pr edominantly quartz and feldspars 
Vegetation and land-use: (Brachystegia) bushland; extensive grazing 
Annual and semi-annual field crops (maize, cowpea , cassava) and perennial indus-
trial crops (1 . cashew, 2. coconut) 
Similar soils : soils of unit USs2p (apart from shallowness) UE2f, P2Em3 and P2Em4 show 
resemblance 
Map unit: USlp 
Total area: 350 ha 
Soil classification: 
FAO/Unesco (1974) : gleyic, chromic and orthi c Luvisols, partly lithic phase 
Kenyan Concept : -do-
Soil Survey Staff (1975): rhodic Paleustalfs, (aqu)ultic and lithic Haplustalfs 
Brief map unit description: moderately well drained , moderately deep to deep, reddish 
brown to yellowish brown, sandy loarn to sandy clay, underlying 20-40 cm medium sand 
to loarny medium sand; in places shallow and rocky; ABC-profiles, gradual horizon 
boundaries, low nutrient status and high permeability 
Representative soil profile: 3-49 
Environmental characteristics: 
Parent material : coarse grained sandstones and arkoses 
Physiographic unit : Coastal Uplands (Kaloleni Uplands) 
Topography and dissection : flat to undulating slope calss(es) : AC, slightly dissected 
Agro-climatic zone: IV 
Soil characteristics : 
Drainage: moderately well drained , locally imperfectly drained 
Depth: moderately deep to deep 
Colour: dark reddish brown to dark yellowish brown surface soil; red (moderately a 
well drained) to mottled, light brownish grey (imperfectly drained) subsoil 
Texture : medium to fine sand to sandy loarn, overlying sandy loarn to sandy clay 
Structure : moderate, coarse, subangular blocky (surface soil) to angular blocky 
(subsoil) 
Consistence : friable to firm (moist) ; slightly sticky and slightly plastic (wet) 
Permeability : generally high, but the lithic and aquultic 
Haplustalfs show significantly lower values 
Chemica! properties: organic matter content of the A horizon is approximately 1.5%; 
CEC (pH 8 . 2) ranges from 60 to 100 nunol/kg soil, base saturation generally excPeds 
50%, pH(H2 0) ranges from 5.5 to 6.0 
Vegetation and land-use: Remnants of sacred Kaja forest (semi-deciduous tropical lowland 
forest); annual and semi-annual f i eld crops (maize , cowpea, cassava) and perennial 
industrial crops (cashew, coconut) both to a limited extent 
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Fig. 24. Soil unit UScl (chromic Luvisols and orthic Acrisols) in Chilulu, about 3.5 Jon 
north-north-east of Kaloleni (photo H. Waaijenberg) . 
Map unit: UScl 
Total area : 14010 ha 
Soil classification : 
FAO/Unesco (1974): ferric and chromic Luvisols; humic , ferric and orthic Acrisols 
Kenyan Concept: chromic Luvisols, humic and orthic Acrisols 
Soil Survey Staff (1975): oxic and rhodic Paleustalfs, Paleustults, oxic Haplustalfs, 
typic and oxic Haplustults 
Brief map unit description: well drained, deep to very deep, red to yellowish red, sandy 
clay loam to clay; in places underlying 20-80 cm medium sand to sandy loam; ABC-
profiles, BC-profiles in case of topsoil truncation , clear horizon boundaries, low 
nutrient status and moderate to high penneability 
Representative soil profile: Profile 10 (198/3-40) and Profile 11 (198/3-120) 
Environmental characteristics: 
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Parent material: coarse grained sandstones and arkoses 
Physiographic unit: Coastal Uplands (Kaloleni upland) 
Topography and dissec tion: varying from flat to hilly, in places even steeply dis-
sected; slope classes: A,B,C,D,E, in various combinations; degree of dissection 
is quite variable 
Agro-climatic zone: III (approx. 20%) 
IV (approx. 60%) 
V (approx. 20%) 
Fig. 25. As on soil units ULcl and ULc2 the land use on soil unit UScl is determined by 
rainfall. In Mikiryani, cocospalm, cashew, maize and grazed fallow occur together. Towards 
the wetter south cocospalm becomes dominant, towards the drier north and west cashew, gra-
zing and bush exploitation increase in importance. Mikiryani, about 7 km nort-north-east 
of Kaloleni, July 1984 (photo H. Waaijenberg). 
Soil characteristics: 
Drainage: well drained 
Depth: mostly very deep; locally shallow, particularly at steep sites near Mazeras 
Colour: yellowish red to dark brown surface soil; dark red to reddish yellow subsoil 
Texture: medium sand to sandy loarn surface soil, 20-80 cm thick, overlies sandy clay 
loarn to clay; in case of topsoil truncation the heavier textures reach the surface 
Structure: generally weak, medium, subangular to angular blocky; in places moderate, 
coarse, prismatic subsoils; clay cutans 
Consistence: firm (moist); slightly sticky and slightly plastic (wet) 
Permeability and moisture conditions: permeability is moderate to high, bulk density 
ranges from 1.4 to 1.6, porosity varies from 50% (surface soil) to 35% (subsoil), 
moisture storage shows considerable variation: 5%-14% 
Chemica! properties: organic matter content of the A horizon is 0.8-1.5%, CEC (pH 8.2) 
ranges from 30 (loamy surface soil) to 140 (sandy clay subsoil) mmol/kg soil, base 
saturation varies largely, Mg often exceeds Ca at the exchange complex 
Mineralogy: predominantly kaolinitic clay minerals, but also 2:1- clay minerals, that 
have been derived from arkosic sandstones 
Additional remarks: The thickness of the sandy surface soil shows considerable varia-
tion over short distances 
Vegetation and land-use: (Brachystegia) bushed woodland 
(particularly in the northern parts of the area): intensive and extensive grazing 
Annual and semi-annual field crops: maize, cowpea, and cassava (often intercropped); 
perennial industrial crops: 1 coconut 
2 cashew 
(particularly in the southern parts of the area): 
perennial fruits: mango, citrus 
Similar soils: the soils of unit UScl show appreciable ressemblance with those of units 
USKl, UOcl, UElll, UE112, UE21, P2Ell, P2El2 (apart from colour) and P2Ll2p; 
truncated soils show resemblance with the soils of units ULcl and ULc2 
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Map unit: USc2 
Total area: 45 ha 
Soil classification: 
FAO/Unesco (1974}: gleyic and orthic Luvisols , gleyic Phaeozems 
Kenyan Concept: -do-
Soil Survey Staff (1975}: (aqu}ultic Paleustalfs, aquic Argiustolls 
Brief map unit description: imperfectly drained, deep to very deep, dark yellowish brown 
to dark grey, sandy clay to clay; ABC-profiles with clear horizons, low nutrient 
status and low penneability 
Representative soil profile: none 
Environmental characteristics: 
Parent material: coarse grained sandstones and arkoses 
Physiographic unit: Coastal Uplands (Kaloleni upland} 
Topography: gently undulating to rolling; 
slope classes: BO (Mazeras} 
D (Kinagoni Hill) 
Agro-climatic zone: III (approx . 60%} 
IV (approx. 40%) 
Soil characteristics: 
Drainage: imperfectly drained 
Depth: deep to very deep 
Colour: dark brown surface soil; dark yellowish brown to dark grey subsoil 
Texture: sandy loam to sandy clay loam, overlying sandy clay 
Structure: moderate, coarse, angular blocky; clay cutans 
Consistence: firm (moist}; sticky and plastic (wet} 
Permeability: low; 
Chemical properties: organic matter content of the A horizon is 1 .5-3 .0%, CEC (pH 8.2} 
is 60 to 110 mmol/kg soil, base saturation exceeds 50%, pH(H20} is 5.5-6.0 Mineralogy: mainly kaolinitic clay minerals, but also 2:1-clay minerals derived from 
arkosic sandstones 
Vegetation and land-use: Bushed grassland; extensive grazing perennial industrial crops 
(coconut) and perennial fruits (mango} 
Map unit: ULcl (Fig. 26, 27) 
Total area : 8610 ha 
Soil classification: 
FAO/Unesco (1974} : dystric Nitosols, ferric Acrisols , chromic Luvisols; in places lithic 
phase 
Kenyan Concept: dystric Nitosols, chromic Acrisols, chromic Luvisols; in places lithic 
phase 
Soil Survey Staff (1975}: (rhodic-oxic) Paleustults, typic Rhodustults, typic and lithic 
Rhodustalfs 
Brief map unit description: well drained, deep to very deep, red to reddish brown, sandy 
clay to clay; in places rocky; ABC-profiles, gradual horizon boundaries, mostly thick 
B-horizon, showing shiny ped faces; moderate nutrient status, high permeability 
Representative soil profile: Profile 12 (198/3-8) 
Environmental characteristics: 
Parent material: limestones 
Physiographic unit: Coastal Uplands (Dzitsoni upland) 
Topography and dissection: flat to rolling; 
hilly to steeply dissected (near Galanema); 
slope classes: combinations of A,B,C,D; south of Galanema: EF; 
slightly to moderately dissected; south of Galanema: very dissected 
Agro-climatic zone: III (approx . 35%} 
IV (approx. 65%) 
Soil characteristics: 
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Drainage: well drained 
Depth : generally very deep, in steep places shallow 
Colour: dark red to brown surface soil; dusky red to dark reddish brown subsoil 
Texture: sandy clay to clay 
Structure: crumb to moderate, medium , subangular (surface soil) to angular blocky 
(subsoil}; clay cutans with shiny pedfaces locally 
Fig. 26. Soil unit ULcl (dystric Nitosols and chromic* Acrisols) in Mbuyuni, about 7 Ion 
east of Kaloleni. Note the porosity and the cassava tubers (photo H. Waaijenberg). 
Consistence: friable (moist); (slightly) sticky and plastic (wet) 
Permeability and moisture conditions: permeability is high; porosity of the surface 
soil can be as high as 60%, subsoil 50%; bulkdensity is approximately 1.5, moist-
ure storage (pF 2.3 - pF 3.7) is 10-15% 
Chemica! properties: organic matter content of the A horizon is 1-2,% CEC (pH 7) ran-
ges from 50 to 120 mmol/kg soil, base saturation can be higher as well as lower 
than 50%, remarkably high Mn-values occur (more than 10 mmol/kg soil), pH (H20) is 5.5 to 6.5 
Mineralogy: predominantly kaolinitic clay minerals 
Inclusion: Rendzinas occur in the ULcl-area south of Mazeras 
Additional remarks: Soil depth can vary significantly within short distances due to 
irregular karstic features 
Vegetation and land-use: (Brachystegia) bushland; extensive grazing. 
Annual and semi-annual field crops (maize, pulses, cassava, often intercropped) 
perennial industrial crops (cashew (north) coconut (south)),and perennial fruits 
(mango, citrus) 
Similar soils: the soils of ULcl show resemblance with the soil of unit ULc2 and with 
truncated versions of the soils of UScl, and UElll 
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Fig. 27. Wherever rainfall is high enough, cocospalm is the major tree erop on soil units 
ULcl and ULc2; under drier conditions , cashew. Main annual crops are maize and cassava . 
Mbuyuni, November 1983 (photo H. Waaijenberg). 
Map unit: ULc2 
Total area: 2070 ha 
Soil classification: 
FAO/Unesco (1974): ferric Acrisols, dystric Nitosols , ferric Luvisols 
Kenyan Concept: FERRAL-chromic Acrisols, dystric Nitosols, FERRAL-chromic Luvisols 
Soil Survey Staff (1975): (rhodic-oxic) Paleustults, oxic Haplustults , oxic Rhodustalfs 
Brief map unit description: well drained, very deep, red to dark reddish brown, clay loam 
to clay; ABC-profiles, gradual horizon boundaries, mostly thick B-horizons, in places 
showing shiny ped faces; moderate nutrient status, high permeability 
Representative soil profile: Profile 13 (198/1-47) 
Environmental characteristics: 
Parent material: limestones 
Physiographis unit: Coastal Uplands (Dzitsoni upland) 
Topography and dissection: flat to undulating; slope classes: AB,B,BC; slightly dissect 
Agro-climatic zone: III {approximately 20%) 
IV (approximately 80%) 
Soil characteristics: 
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Drainage: well drained 
Depth: very deep 
Colour: dark red to brown surface soil; dusky red to reddish brown subsoil 
Texture: clay loam to clay; sometimes with sandy loam surface soil 
Structure: crumb to moderate, medium, subangular blocky (surface soil) to angular 
blocky (subsoil); clay cutans with here and there shiny pedfaces 
Consistence: friable (moist); (slightly) sticky and {slightly) plastic (wet) 
Permeability and moisture conditions: permeability is high; porosity is 45 to 50%, 
grading to 55% in the surface soil; bulk density is approximately 1.4 g/cm3 , moist-
ure storage {pF 2.3-pF 3.7) is 12-15% 
Chemical properties: organic matter content of the A horizon is 0.8-1.5%, CEC {pH 7) 
ranges from 50 to 120 mmol/kg soil, base saturation can be higher as well as lower 
than 50%, remarkably high Mn-values occur (more than 10 mmol/kg soil), pH(H20) is 
5.0 to 6.0 
Mineralogy: predominantly kaolinitic clay minerals 
Vegetation and land-use: (Brachystegia) bushland; extensive grazing 
Annual and semi-annual field crops (maize, pulses and cassava, often intercropped) 
perennial industrial crops (cashew, coconut) and perennial fruits (mango, citrus) 
Similar soils: the soils of ULc2 show resemblance wi th those of unit ULcl and with 
truncated versions of the soils of UScl, and UElll 
Map unit: UOf 
Total area: 1850 ha 
Soil classification: 
FAO/Unesco (1974): luvic and ferralic Arenosols, orthic Acrisols 
Kenyan Concept: -do-
Soil Survey Staff (1975): alfic Ustipsamments, ustoxic Quartzipsamments, (arenic) Paleustults 
Brief map unit description: somewhat excessively drained to well drained, deep to very 
deep, very pale brown to light yellowish brown, fine to very fine sand and loamy fine 
to very fine sand, 80 to 120 cm thick, overlying more than 70 cm sandy loam to sandy 
clay loam; A(B)C-profiles, the B-horizon, if present, being weakly developed; nu-
trient status is low, permeability generally high 
Representative soil profile(s): Profile 14 (198/3-62) 
Environmental characteristics: 
Parent material: unconsolidated fine sandy and clayey deposits 
Physiographic unit: Coastal Uplands (Rabai Uplands) 
Topography and dissection: flat to gently undulating, sometimes undulating 
slope class(es): AB, sometimes BC not to slightly dissected 
Agro-climatic zone: IV 
Soil characteristics: 
Drainage: somewhat excessively drained to well drained 
Depth: deep to very deep 
Colour: very pale brown to brown surface soil; brownish yellow to yellowish brown 
subsoil 
Texture: (very) fine sand and loamy (very) fine sand, overlying sandy loam to clay 
loam, mostly in between 80 and 120 cm. 
Structure: single grain surface soil; porous massive, weakly coherent subsoil 
Consistence: very friable to friable (moist); slightly sticky and non plastic (wet) 
Permeability and moisture conditions: permeability is high; porosity can reach values 
over 60%, bulkdensity is approximately 1.6 g/cm3, moisture availability (pF 2.3-
pF 3.7) ranges from 8 (Arenosols) to 16% (Acrisols) 
Chemical properties: organic matter content of the A horizon does not exceed 1%; 
CEC (pH 8.2} is 20 to 60 mmol/kg soil, base saturation varies largely, pH(H2o) is 6.0 to 6.5 
Mineralogy: predominantly quartz; feldspars and kaolinitic clay minerals occur to a 
lesser extent 
Inclusion: a fragipan, sometimes mottled, occurs locally in the northern parts of UOf; 
if so, permeability is low and soil structure is massive, strongly coherent 
Vegetation and land-use: Bushed grassland; extensive grazing; annual and semi-annual field 
crops (maize, cassava) and perennial industrial crops (mainly coconut) 
Similar soils: all soils that resemble those of unit UOf contain sands that are coarser 
than 'very fine', i.e.: USKf, UElm2, UE2f, P2Eml, P2Em3, P2Em4 
Map unit: UOl 
Total area: 2965 
Soil classification: 
FAO/Unesco (1974): ferric and orthic Luvisols, humic Acrisols 
Kenyan Concept: -do-
Soil Survey Staff (1975): oxic and udic Paleustalfs and Haplustalfs; epiaquic Haplustults 
Brief map unit description: moderately well drained, deep to very deep, light yellowish 
brown, locally mottled, sandy clay loam to sandy clay; in places underlying 20-80 cm 
very fine sand to loamy very fine sand; ABC-profiles, clear horizon boundaries, low 
to moderate nutrient status and permeability 
Representative soil profile: none 
Environmental characteristics: 
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Parent material: unconsolidated fine sandy and clayey deposits 
Physiographic unit: Coastal Uplands (Rabai upland) 
Topography and dissection: flat to undulating; slope classes: AB, B, AC; slightly 
dissected 
Agro-climatic zone: IV (more than 90%) 
Soil characteristics: 
Drainage: moderately well drained, occasionally imperfectly drained (locally saline-
alkali in subsoil) 
Depth: deep to very deep 
Colour: brown to very dark greyish brown surface soil; light yellowish brown to 
olive brown subsoil 
Texture: the surface soil consists of (very) fine sand to loamy (very) fine sand and 
overlies sandy clay loam to sandy clay 
Structure: moderate to strong, coarse angular blocky to coarse prismatic, in places 
covered by a weak, medium, subangular blocky, surface soil; clay cutans 
Consistence: firm (moist); slightly sticky and (slightly) plastic (wet) 
Permeability: low to moderate 
Chemical properties: organic matter content of the A horizon is 1.0-1.5%, CEC (pH 8.2) 
ranges from 100 to 160 mmol/kg soil, base saturation is mostly above 50%, pH(H20) is 6.0 to 6.5, Mg often exceeds Ca at the exchange complex; locally ESP exceeas 
15 in the subsoil; pH(H2o)-values of 8.0 and higher are not uncommon here Mineralogy : surface soil: predominantly quartz, subsoil: 1:1 - as well as 2:1- clay 
minerals occur 
Vegetation and land-use: Herbland and grassland; extensive grazing 
Annual field crops (upland rice) and perennial industrial crops (coconut, along 
intermittent streams in the broad valleybottoms ) 
Similar soils: the soil of the following units resemble those of unit UOl: USKl, PlOl, 
P2El3 
Map unit: UOcl 
Total area: 3305 ha 
Soil classification: 
FAO/Unesco (1974): humic and orthic Acrisols, ferric Luvisols 
Kenyan Concept: humic and orthic Acrisols, chromic Luvisols 
Soil Survey Staff (1975): epiaquic and typic Haplustults, oxic Rhodustalfs 
Brief map unit description: well drained, deep to very deep, yellowish red to yellowish, 
clay loam to clay, underlying 10 to 60 cm (sandy) loam; ABC-profiles, clear horizon 
boundaries, moderate nutrient status and permeability 
Representative soil profile: Profile 15 (198/3-70) 
Environmental characteristics: 
Parent material: unconsolidated fine sandy and clayey deposits 
Physiographic unit: Coastal Uplands (Rabai upland) 
Topography and dissection: gently undulating to undulating, near Mazeras flat to 
gently undulating; slope c lasses: mostly BC, near Mazeras AB; slightly dissected 
Agro-climatic zone: IV (more than 90%) 
Soil characteristics: 
Drainage: well drained, locally moderately well drained 
Depth: very deep; locally shallow to moderately deep (near Kombeni river) 
Colour: yellowish brown to very dark greyish brown surface soil; yellowish red to 
yellowish brown subsoil 
Texture: 10 to 60 cm loamy (very) fine sand to loam overlies clay loam to clay 
Structure: moderate, medium, angular blocky, to coarse prismatic; moderate, fine, 
subangular blocky surface soil 
Consistence: firm (moist); sticky and plastic (wet); clay cutans 
Permeability: moderate 
Chemical properties: organic matter content of the A horizon is in the vicinity of 1%; 
CEC (pH 8.2) is 70 to 140 mmol/kg soil, base saturation varies largely, Mg often ex 
ceeds Ca at the exchange complex, pH(H2o) is 5.5 - 6.0 Minerology: surf ace soil: predominantly quartz; subsoil: 1: 1-clay minerals and 
2:1-clay minerals can both predominate 
Vegetation and land-use: Grassland; extensive grazing. Annual and semi-annual field crops 
(maize, cassava) and perennial industrial crops (coconut) 
Similar soils: the soils of unit UOcl show similarity with those of unit USKl, UScl, and 
USlll 
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Map unit: UOc2p 
Total area: 10945 ha 
Soil classification: 
FAO/Unesco (1974): gleyic, vertic and ferric Luvisols, partly sodic phase, gleyic Solonetz 
Kenyan Concept: verti-gleyic, gleyic and ferric Luvisols, partly sodic phase, gleyic 
Solonetz 
Soil Survey Staff (1975): aquic and udertic Paleustalfs and Haplustalfs, oxic Haplustalfs, 
aquic Natrustalfs 
Brief map unit description: moderately well drained to imperfectly drained, moderately deep 
to very deep, light yellowish brown to olive grey, mostly mottled, sandy clay loam to 
clay; ABC-profiles, clear horizon boundaries, moderate nutrient availability, high 
ESP, low permeability 
Representative soil profile: Profile 16 (198/1-43) 
Environmental characteristics: 
Parent material: unconsolidated fine sandy and clayey deposits 
Physiographic unit: Coastal Uplands (Rabai upland) 
Topography and dissection: flat to rolling; 
slope classes: AB, BC (Rabai area) 
BC, CD (Ganze area); slightly dissected 
Agro-climatic zone: IV (approximately 70%) 
V (approximately 30%) 
Soil characteristics: 
Drainage: moderately well drained to imperfectly drained (Saline-alkali in places) 
Depth: moderately deep to very deep 
Colour: yellowish brown to dark greyish brown surface soil; brownish yellow and pale 
brown to light olive grey subsoil 
Texture: sandy clay loam to clay, in places underlying loamy fine sand to sandy loam; 
the thickness of this coarse-textured surface soil varies largely 
Structure: moderate to strong, coarse, angular blocky to prismatic; clay cutans 
Consistence: very firm (moist), sticky and plastic (wet) 
Permeability and moisture conditions: permeability of the dry soil is initially high, 
but will decrease rapidly upon sustained wetting; porosity varies from 35 to 50%, 
bulkdensity ranges from 1.2 to 1.8 (subsoil) g/cm3; moisture storage (pF 2.3-
pF 3.7) ranges from 7% (subsoil) to 13% (surface soil) 
Chemica! properties: organic matter content of the A horizon is 0.8-1.6%, CEC (pH 7) 
ranges from 30 (sandy surface soil) to 200 mmol/kg soil, base saturation mostly 
exceeds 50%, Mg very often exceeds Ca at the exchange complex, pH(H2o) varies be-tween 5.5 and 7.0; in places ESP exceeds 15 
Clay Mineralogy: 1:1- as well as 2:1- clay minerals occur 
Vegetation and land-use: Grassland, grassed bushland; intensive as well as extensive grazing; 
scattered cultivated fields (maize, cassava, pulses) 
Similar soils: unit UOc2p shows resemblance with unit PlOl 
Map unit: UTlc 
Total area: 225 ha 
Soil classification: 
FAO/Unesco (1974): vertic and orthic Luvisols, partly lithic phase 
Kenyan Concept: -do-
Soil Survey Staff (1975): udertic Paleustalfs, lithic and vertic Haplustalfs 
Brief map unit description: well drained to moderately well drained, shallow to deep, dark . 
reddish brown to yellowish brown, cracking clay, in places gravelly; ABC-profiles, 
clear horizon boundaries moderate nutrient status and low to moderate permeability 
Representative soil profile(s): none 
Environmental characteristics: 
Parent material: shales 
Physiographic unit: Coastal Uplands (Rabai upland) 
Topography and dissection: gently undulating to undulating; slope class: BC; slight-
ly dissected 
Agro-climatic zone: IV 
Soil characteristics: 
Drainage: well drained to moderately well drained 
Depth: varying 
71 
Colour: dark greyish brown surface soil; dark reddish brown to light greyish brown 
subsoil 
Texture: clay 
Structure: moderate, coarse, angular blocky to streng, coarse prismatic. Clay cutans. 
Consistence: very firm (moist); sticky and plastic (wet) 
Permeability: initially high along large cracks, hut diminishing rapidly upon sus-
tained wetting and soil swelling 
Chemical properties: no data available 
Mineralogy: probably dominated by 2:1-clay minerals 
Vegetation and land-use: Bushed grassland; intensive and extensive grazing 
Similar soils: UTlc shows resemblance wi th the other UT-units ; t hey all consist of 
cracking clay soils 
Map unit: UT2clp (Fig. 28, 29) 
Total area: 13720 ha 
Soil classification: 
FAO/Unesco (1974): gleyic and vertic Cambisols, chromic Vertisols 
Kenyan Concept: -do-
Fig. 28. Soil unit UT2clp (gleyic and vertic Cambisols) east of Mbuyuni, about 8.5 km east 
of Kaloleni. Note the slickensides and large cracks. The top-soil is self-mulching (photo 
H. Waaijenberg). 
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Fig. 29. Maize is the dominant erop on soils developed on shales of the Mtomkuu Formation . 
Tree crops thrive only on hilltops with sandier covers and on well drained valley bottoms . 
Lutsangani, about 19 km south-west of Kilifi, July 1985 (photo H. Waaijenberg). 
Soil Survey Staff (1975) : typic vertic Ustropepts, typic paleustollic and udorthentic 
Chromusterts 
Brief map unit description : well drained to moderately wel! drained, moderately deep to 
deep , yellowish red to yellowish brown, cracking clay; in places strongly mottled 
and/or calcareous; A(B)C-profiles, clear horizon boundaries, high nutrient avail-
ability, variable permeability 
Representative soil profile: Profile 17 (198/1-9) 
Envirorunental characteristics: 
Parent material: shales 
Physiographic unit: Coastal Uplands (Lutsangani upland) 
Topography and dissect ion: mostly undulating but ranging from flat to rolling 
slope classes: mostly BC and CD, occasionally AB and BD; moderately to very dis-
sected 
Agro-climatic zone: III {90%) 
Soil characteristics: 
Drainage : moderately well drained; in places wel! drained or imperfectly drained 
Depth: moderately deep to deep 
Colour : reddish brown to very dark greyish brown surface soil; yellowish red to paie 
olive subsoil 
Texture: clay, occasionally underlying loam or clay loam surface soil 
Structure : predominantly moderate, coarse, subangular blocky surface soil; strong, 
coarse, angular blocky to prismatic subsoil. slickensides 
Consistence: firm to very finn (moist); sticky and plastic (wet) 
Penneability and moisture conditions: permeability is initially high along large 
cracks, but diminish as rapidly upon sustained wetting and soil swelling; porosity 
is 45-50%, bulkdensity 1.5-1 . 6 g/cm3, moisture storage (pF 2.3-pF 3.7) is 7-12% 
Chemica! properties : organic matter content of the A horizon ranges between 1 and 3%, 
CEC {pH 8.2) is 200 to 400 mmol/kg soil, base saturation exceeds 50%, pH (H20) is 
6.0 to 7 . 0 ; ESP is in between 6 and 15 in most subsoils; in places strong HCl-ef-
fervescence bears evidence of free carbonates : pH(H2o) can be 8 . 5 at these sites Clay mine r alogy : predominantly montmorillonitic clay m1nerals 
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Additional remarks: Determination of pF-values of these cracking clay soils is hardly 
feasible 
Vegetation and land-use: 
Grassed bushland and extensive grazing of minor importance 
Annual field crops: maize and maize/cowpea or maize/beans intercroppings (mostly 
mechanica! soil tillage); locally upland rice 
Similar soils: soils of UT2clp shows resemblance with the other UT-units and with the 
soils of HSKC, P2lcp, AAc, VXC, P2Ec, P2WA and BAc2; they all consist of cracking 
clays 
Map unit: UT2c2p 
Total area: 2120 ha 
Soil classification: 
FAO/Unesco (1974): chromic Vertisols and vertic Cambisols 
Kenyan Concept: -do-
Soil Survey Staff (1975): paleustollic and udic Chromusterts, vertic Ustropepts 
Brief map unit description: we l l dr ained to moderately well drained, moderately deep to 
deep, light olive brown to olive, strongly calcareous , cracking clay; mostly AC-
profiles, clear horizon boundaries, high nutrient availability and variable 
permeability 
Representative soil profile: Profile 18 (198/2-39) 
Environmental characteristics: 
Parent material: shales 
Physiographic unit: Coastal Uplands (Lutsangani upland) 
Topography and dissection: gently undulating to undulating slope classes: B,BC; 
moderately to strongly dissected 
Agro-climatic zone: II! (approximately 25%) 
VI (approximately 75%) 
Range of profile characteristics: 
Drainage: moderately well drained, sometimes well drained 
Depth: moderately deep to deep, occasionally shallow 
Colour: dark reddish brown to dark brown surface soil; dark yellowish brown to pale 
olive subsoil 
Texture: (locally gravelly or stony clay 
Structure: crumb (self- mulching) surf ace soil; streng, medium to coarse angular 
blocky to strong, coarse prismatic subsoil; slickensides 
Consistence: firm to very firm (moist); sticky and plastic (wet) 
Permeability and moisture conditions: permeability is initially high along large 
cracks, but diminishes rapidly upon sustained wetting and soil swelling; porosity 
is 40-50%, bulkdensity 1 . 5-1 .7 g/cm3 moisture storage (pF 2.3-pF 3-7) is 4- 10% 
Chemical properties: organic matter content of the A horizon ranges between 1 . 5 and 
3%, CEC (pH 8.2) is 250 to 400 nunol/kg soil, base saturation exceeds 50%, pH(H2 0) 
is 6.5-7.0, in most places strong; HCl-effervescence bears evidence of free carbo-
nates: pH(H2o) can be 8.5 at these sites Mineralogy: predominantly montmorillonitic clay minerals 
Additional remarks: Determination of pF-values of these cracking clay soils is hardly 
feasible 
Vegetation and land-use: Grassed bushland; extensive grazing; annual field crops (maize, 
cowpea) 
Similar soils: soils of UT2c2p shows resemblance with the soils of the other UT-units and 
with the soils of HSKC, P2Lcp, AAc, VXC, P2WA, P2Ec, and BAc2; they all consist of 
cracking clays 
Map unit: UT2c3P 
Total area: 775 ha 
Soil classification: 
FAO/Unesco (1974): chromic Vertisols, partly lithic phase 
Kenyan Concept: -do-
Soil Survey Staff (1975): udorthentic Chromusterts, lithic vertic Ustropepts 
Brief map unit description: moderately well drained, shallow to moderately deep, dark red-
dish brown to light yellowish brown, cracking clay; AC- and ACR-profiles, gradual to 
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clear horizon boundaries, high nutrient status and variable permeability 
Representative soil profiles: none 
Envirorunental characteristics: 
Parent material: shales 
Physiographic unit: Coastal Uplands (Lutsangani upland) 
Topography and dissection: flat to undulating slope classes: AB, BC; moderately 
dissected 
Agro-climatic zone : IV 
Soil characteristics: 
Drainage : moderately wel! drained 
Depth: shallow to moderately deep, locally deep 
Colour: dark reddish brown to very dark greyish brown surface soil; light yellowish 
brown to olive grey subsoil 
Texture: clay 
Structure: strong, coarse, angular blocky, falling apart to medium-sized aggregates 
in the surface soil; subsoil can be strong, coarse, prismatic; slickensides 
Consistence: very firm (moist); very sticky and plastic (wet) 
Permeability and moisture conditions: permeability is initially high; upon swelling 
water can only slowly penetrate into the soil; porosity is 40-50%, bulkdensity 
1 .4-1.6 g/cm3, moisture storage (pF 2 . 3-pF 3.7) is 4-10% 
Chemica! properties: organic matter content of the A horizon ranges between 1.5 and 3%, 
CEC (pH 8 .2) is 250 to 400 mmol/kg soil, base saturation varies largely, pH(H2o) is 6.0-6 . 5, values of 8.5 are reached in case free carbonates prevail 
Clay mineralogy: predominantly montmorillonitic clay minerals 
Additional remarks: Determination of pF-values of these cracking clay soils is hardly 
feasible 
Vegetation and land-use: 
Grassed bushland; extensive grazing; annual field crops (maize, cowpea) 
Similar soils: Soils of UT2c3P shows resemblance with the soils of the other UT-units and 
with the soils of HSKC, P2Lcp, AAc, VXC, P2WA, P2Ec , and BAc2; they all consist of 
cracking clays 
Map tmit: UT2c4 
Total area: 1395 ha 
Soil classification: 
FAO/Unesco (1974) : chromic Vertisols 
Kenyan Concept : -do-
Soil Survey Staff (1975): udic and udorthentic Chromusterts 
Brief map unit description: moderately wel! drained to poorly drained, deep, greyish brown 
to olive , cracking clay; in places mottled and/or calcareous; AC-profiles, clear 
horizon boundaries, presumably moderate to high nutrient status and low permability 
Representative soil profiles: none 
Envirorunental characteristics: 
Parent material: shales 
Physiographic unit: Coastal Uplands (Lutsangani upland) 
Topography and dissection: flat, occasionally gently undulating; slope classes: 
mainly A, occasionally AB; not dissected 
Agro-climatic zone: III (approximately 40%) 
IV (approximately 60%) 
Soil characteristics : 
Drainage : imperfectly well drained to poorly drained, locally moderately well drained 
Depth: deep 
Colour : dark greyish brown surface soil; yellowish brown to olive subsoil 
Texture : clay 
Structure: moderate, coarse, subangular to angular blocky surface soil; strong, 
coarse, angular blocky to prismatic subsoil; slickensides 
Consistence: firm to very firm (moist); sticky and plastic (wet) 
Permeability and moisture conditions: permeability is initially moderate but di-
minishes rapidly upon sustained wetting and soil swelling; in poorly drained soils 
permeability is low throughout; porosity is 50-60%, moisture storage (pF 2.3-
pF 3.7) is 7-14% 
Chemica! properties: organic matter content of the A horizon ranges between 2 and 4%, 
pH(HzO) is around 6.0, but can be as high as 8.5 in case free carbonates prevail 
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clay mineralogy: predominantly montmorillonitic clay minerals 
Additional remarks: Determination of pF-values of these cracking clay soils is hardly 
feasible 
Vegetation and land-use: Grassed bushland; extensive grazing 
Annual field crops (maize, cowpea) 
Similar soils: UT2c4 shows resemblance with the other UT-units , they all consist of 
cracking clay soils; however, topography and drainage condition are quite specific 
for this unit 
Map unit: UT2C 
Total area: 14870 ha 
Soil classification: 
FAO/Unesco (1974): chromic Vertisols and vertic Cambisols, partly lithic phase 
Kenyan Concept: -do-
Soil Survey Staff (1975): paleustollic and udorthentic Chromusterts, lithic vertic Ustro-
pepts 
Brief map unit description: Complex of stony and gravelly, cracking clays of varying 
drainage condition, depth and colour; ABC-, AC- or A(C)R-profiles, variable distinct-
ness of horizon boundaries, high nutrient status and variable permeability 
Representative soil profiles: none 
Environmental characteristics : 
Parent material: shales 
Physiographic unit: Coastal Uplands (Lutsangani upland) 
Topography and dissection: gently undulating (southern parts) to rolling (northern 
parts), sometimes even hilly; s l ope classes: BC, BD (Mtwapa-Tudor creek area), 
CE (Sokoke-Mitangoni area); moderately to strongly dissected 
Agro-climatic zone: III (approximately 25%) 
IV (approximately 75%) 
Soil characteristi cs: 
Drainage: wel! drained to imperfectly drained 
Depth: varying 
Colour: dark brown to dark yellowish brown surface soil; yellowish red to olive brown 
subsoi l 
Texture: mostly gravelly, locally stony clay 
Structure: moderate, medium, angular blocky to strong, coarse prismatic; in places 
slickensides 
Consistence: very firm (moist); sticky and plastic (wet) 
Permeability: variable, largely depending on actual moisture conditions 
Chemica! properties : no data available; probably wel! comparable with chemica! 
properties of UT2clp 
Clay mineralogy: predominantly montmorillonitic clay minerals 
Vegetation and land-use: Grassed bushland; extensive grazing 
Annual field crops (maize, cowpea, beans, often intercropped) locally rice 
Similar soils: Soils of UT2C shows resemblance with the soils of the other UT-units and 
with the soils of HSKC, P2Lcp, AAc , VXC, P2WA, P2Ec and BAc2; they all consist of 
cracking clays 
Map unit: UElml 
Total area: 1020 ha 
Soil classification: 
FAO/Unesco (1974): ferralic Arenosols, rhodic Ferralsols 
Kenyan Concept: -do-
Soil Survey Staff (1975) : ustoxic Quartzipsanunents, typic and ultic Haplorthent 
Brief map unit description: somewhat excessively drained, very deep, very dusky red to dark 
reddish brown, medium sand to loamy medium sand; A(B)C-profiles, low nutrient status, 
high permeability 
Representative soil profiles: none 
Environmental characteristics: 
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Parent material: unconsolidated medium grained sandy deposits 
Physiographic unit: Coastal Uplands (Pingilikani upland) 
Topography and dissection: flat; slope class: A; not dissected 
Agro-climatic zone: III 
Soil characteristics: 
Drainage: somewhat excessively drained 
Depth: very deep 
Colour: dark reddish brown to dark brown surface soil; very dusky red to dark reddish 
brown subsoil 
Texture: medium sand to loamy medium sand 
Structure: single grain to weak, medium, subangular blocky 
Consistence: very friable (moist); non-sticky and non-plastic (wet) 
Permeability and moisture conditions: permeability is high, porosity is approximately 
40% throughout the profile, bulkdensity is 1.5 g/cm3, moisture storage ranges be-
tween 5 and 10% (pF 2.3-pF 3.7} 
Chemical properties: organic matter content of the A horizon does not exceed 1%, CEC 
(pH8 .2) is 20 to 50 mmol/kg soil, base saturation does not exceed 35%, pH(H20) is 
5.0-6.0, appreciable amounts of exchangeable Mn occur (10 mmol/kg soil) 
Mineralogy: predominantly quartz relatively rich in haematite 
Vegetation and land-use: Bushland; extensive grazing (to a limited extent) 
Perennial industrial crops: sisal (estate) 
Perennial fruits: mango 
Annual field crops : maize, cowpea 
Annual industrial crops : sesame (of minor importance) 
Similar soils: Apart from colour, the soils of UElml show resemblance with those of unit 
USKf, USs2p, UElm2, P2Eml and P2Em2 
Map unit: UE1m2 
Total area: 260 ha 
Soil classification: 
FAO/Unesco (1974): luvic and cambic Arenosols 
Kenyan Concept: luvic and cambic Arenosols 
Soil Survey Staff (1975}: alfic Ustipsamments, ustoxic Quartzipsamments 
Brief map unit description: well drained, very deep, dark brown to dark greyish brown, 
medium sand to loamy medium sand; A(B)C-profiles, low nutrient status, high 
permeability 
Representative soil profile: Profile 19 (198/2-28} 
Envirorunental characteristics: 
Parent material: unconsolidated medium grained sandy deposits 
Physiographic unit: Coastal Uplands (Pingilikani upland) 
Topography and dissection: flat; slope class: A; not dissected 
Agro-climatic zone: IV 
Soil characteristics: 
Drainage: well drained 
Depth: very deep 
Colour: very dark greyish brown surface soil, dark brown to light olive brown subsoil 
Texture: (loamy) medium to fine sand 
Structure: single grain to weak, medium, subangular blocky Consistence: very friable 
(moist); non-sticky and non-plastic (wet) 
Permeability : high 
Chemical properties: organic matter content of the A horizon does not exceed 1%, 
CEC {pH 7!} is 20 to 50 mmol/kg soil, base saturation varies largely, pH(H2o) is 5.5-6.5 
Mineralogy: predominantly quartz 
Vegetation and land-use: Bushland; extensive grazing 
Annual and semi-annual field crops (maize, cassava, pulses) and perennial indus-
trial crops (1 cashew, 2 coconut) 
Similar soils: the soils of unit UElm2 show resemblance with those of unit USKf, USsl, 
USs2p, UOf, UElml , UE2f, P2Eml and P2Em2 
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Fig. 30. Soil unit UEll (chronic Luvisols and rhodic Ferralsols) in Pingilikani, about 
17 km south-south-west of Kilifi (photo H. Waaijenberg). 
Map unit: UElll (Fig. 30, 31) 
Total area: 1540 ha 
Soil classification: 
FAO/Unesco (1974): rhodic Fe~ralsols, ferric and chromic Luvisols 
Kenyan Concept: rhodic Ferralsols, chromic Luvisols 
Soil Survey Staff (1975): Typic Haplustox {rhodic-oxic) Paleustalfs 
Brief map unit description: well drained, very deep , dusky red to reddish brown, sandy loam 
to sandy clay; in places underlying 20-40 cm loamy medium sand; ABC-profiles, gradual 
to diffuse horizon boundaries, low nutrient status, high permeability 
Representative soil profiles: Profile 20 (198/4-41) 
Environmental characteristics: 
Parent material: unconsolidated medium grained sandy deposits 
Physiographic unit: Coastal Upland {Pingilikani upland) 
Topography and dissection: flat to rolling; slope classes: AB, C (northern parts} 
CD (southern parts); slightly to moderately dis sected 
Agro-climatic zone: III {approximately 40%) 
IV {approximately 60%) 
Soil characteristics: 
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Drainage: well drained, in places somewhat excessively drained 
Depth : very deep 
Fig. 31. Land-use in Pingilikani: cashew on hill tops and upper slopes (background), fruit 
crops along valleys (middle), and annual crops in small fields on the slopes (foreground). 
September 1984 (photo H. Waaijenberg). 
Colour: dark reddish brown surface soil; dusky red subsoil 
Texture: sandy loam to sandy clay, sometimes underlying 20-40 cm loamy medium sand 
Structure: weak, medium, subangular blocky surface soil; weak prismatic, breaking 
into weak angular blocky subsoil 
Consistence: very friable (moist); slightly sticky and non-plastic (wet) 
Permeability and moisture conditions: permeability is high; porosity is 45 to 50%; 
bulkdensity is 1.5 g/cm3 ; moisture storage (pF 2.3-pF 3.7) is 4-8% 
Chemica! properties: organic matter content of the surface soil does not exceed 1%, 
CEC (pH 8.2) is 20 to 40 mmol/kg soil, base saturation exceeds 50%, pH(H20) is 5.5-6.5, 
appreciable amounts of exchangeable Mn occur (10 mmol/kg soil) 
Mineralogy: predominantly kaolinite and quartz with some illite; relatively rich in 
haematite 
Vegetation and land-use: 
Grassed bushland; extensive grazing 
Annual and semi-annual field crops (maize, pulses, cassava, often intercropped) 
Annual industrial crops: sesame (to a lesser extent) 
Perennial industrial crops: (1 cashew, 2 coconut) 
perennial fruits: mango 
Similar soils: the soils of unit UElll show resemblance with those of units USKl, UScl, 
UE112, UE21 and P2Ell; soils without a coarse grained surface soil show resem-
blance with soils of the units ULcl and ULc2 
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Map unit: UE112 
Total area: 4380 ha 
Soil classification: 
FAO/Unesco (1974): acric and rhodic Ferralsols 
Kenyan Concept: -do-
Soil Survey Staff (1975): typic Acrustox and Haplustox 
Brief map unit description: well drained, very deep, very dusky red to reddish brown, 
sandy loam to sandy clay loam, underlying 40-80 cm loamy medium sand to sandy loam; 
ABC-profiles, gradual and diffuse horizon boundaries, low nutrient status, high 
permeability 
Representative soil profiles: Profile 21 (198/2-3) 
Environmental characteristics: 
Parent material: unconsolidated medium grained sandy deposits 
Physiographic unit: Coastal Uplands (Pingilikani upland) 
Topography and dissection: gently undulating to rolling slope classes: B (northern 
parts); BC, CD (southern parts); slightly to moderately dissected 
Agro-climatic zone: III (approximately 65%) 
IV (approximately 35%) 
Range of profile characteristics: 
Drainage : well drained 
Depth : very deep 
Colour: very dusky red; surface soil can also be reddish brown to dark brown 
Texture: sandy loam to sandy clay loam, underlying 40-80 cm loamy medium sand to 
sandy loam 
Structure : granular to weak, fine to medium, subangular blocky 
Consistence: very friable (moist); slightly sticky and non-plastic (wet) 
Permeability and moisture conditions: permeability is high; porosity is 40-50%; 
bulkdensity is 1.5-1.6 g/cm3 ; moisture storage (pF 2.3-pF 3.7) ranges between 8 
and 12% 
Chemical properties: no data available; probably well comparable with data of unit 
UElll 
Mineralogy: predominantly kaolinite and quartz with some illite; relatively rich in 
haematite 
Vegetation and land-use: 
Grassed bushland; intensive and extensive grazing (of minor importance) 
annual and semi-annual field crops (maize, cassava) pulses, (often intercropped) 
Annual industrial crops: sesame 
Perennial industrial crops: sisal (estate), coconut, cashew 
Perennial fruits: mango 
Similar soils: the soils of unit UE112 show resemblance with those of unit USKl, UScl 
(in case of topsoil truncation of UE112), UElll , UE21 and P2Ell 
Map unit: UE2f 
Total area: 685 ha 
Soil classification: 
FAO/Unesco (1974): ferralic Arenosols 
Kenyan Concept: -do-
Soil Survey Staff (1975): ustoxic Quartzipsamments 
Brief map unit description: somewhat excessively drained, very deep , brownish yellow to 
yellow, fine to medium sand, overlying mottled sandy loam; AC-profiles, low nutrient 
status, moderate to high permeability 
Representative soil profile: none 
Environmental characteristics: 
Parent material: unconsolidated medium grained sandy deposits 
Physiographic unit: Coastal Uplands (Lutsangani upland) 
Topography and dissection: flat to gently undulating, occasionally undulating to 
rolling; slope classes: AB (more than 90%); CD (less than 10%) 
Agro-climatic zone: III {50%) 
IV (50%) 
Soil characteristics: 
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Drainage: somewhat excessively drained to well drained 
Depth: very deep, locally deep 
Colour: brown to pale brown surface soil; yellow to light grey subsoil 
Texture: (loamy) fine to medium sand, locally overlying mottled sandy loam 
Structure: single grain to weak, medium, subangular blocky 
Consistence: very friable (moist); non-sticky and non-plastic (wet) 
Permeability: moderate to high 
Chemical properties: no data available; probably well comparable with data of unit 
UElm2 
Mineralogy: predominantly quartz with some kaolinite and illite 
Vegetation and land-use: Bushland, grassland; 
Annual and semi-annual field crops (maize, cowpea, cassava, often intercropped), 
perennial industrial crops (coconut, cashew) 
Similar soils: the soils of UE2f more or less resemble those of unit USKf, USsl, USs2p, 
USs3, UOf, UElm2, P2Eml, P2Em2, P2Em3, P2Em4 
Map unit: UE21 
Total area: 1460 ha 
Soil classification: 
FAO/Unesco (1974): chromic Luvisols 
Kenyan Concept: -do-
Soil Survey Staff (1975}: rhodic-oxic Paleustalfs 
Brief map unit description: well drained, very deep, yellowish red to reddish yellow, 
sandy clay loam to sandy clay, underlying 40-80 cm medium sand to sandy loam; ABC-
profiles, gradual horizon boundaries, low nutrient status, moderate to high perme-
ability 
Representative soil profiles : none 
Environmental characteristics: 
Parent material: unconsolidated medium grained sandy deposits 
Physiographic unit: Coastal Uplands (Lutsangani upland) 
Topography and dissection: flat to gently undulating; 
slope classes: AB; not dissected 
Agro-climatic zone: II! (50%) 
IV (50%) 
Soil characteristics: 
Drainage: somewhat excessively drained to well drained 
Depth: very deep 
Colour: yellowish red to reddish yellow; subsoil can even be red 
Texture: sandy loam to sandy clay , covered by 40-80 cm medium sand to loamy medium 
sand 
Structure: single grain to porous massive , weakly coherent surface soil; weak, medium, 
subangular blocky subsoil; clay cutans 
Consistence: friable (moist); slightly sticky and non-plastic (wet) 
Permeability: moderate to high 
Chemical properties: no data available; probably comparable with data of unit UElll 
Mineralogy: predominantly kaolinite and quartz with some illite 
Vegetation and land-use : Bushland, grassland; 
annual and semi-annual field crops (maize, cassava, cowpea, often intercropped); 
perennial industrial crops (coconut, cashew) 
Similar soils: the soils of unit USKl, UScl, UElll, UE112, P2Ell show resemblance with 
those of unit UE2L 
3.3.2 .3 Soils of the high level coastal plains 
Map unit: PlOf 
Total area : 1955 ha 
Soil classification: 
FAO/Unesco (1974): gleyic Luvisols, partly fragipan phase 
Kenyan Concept: -do-
Soil Survey Staff (1975): aquic and arenic Paleustalfs and Haplustalfs 
Brief soil description: moderately well drained, very deep, brown to light grey, loamy 
fine sand to sandy loam; in places mottled and/or with a fragipan between 80 and 
81 
120 cm; ABC-profiles, the B-horizon being weakly developed; moderate fertility and 
low to moderate permeability 
Representative soil profiles: none 
Environmental characteristics: 
Parent material: unconsolidated fine sandy and clayey deposits 
Physiographic unit: Coastal Plains (Bamba plain) 
Topography and dissection: flat to gently undulating ; slope class: AB; not dissected 
Agro-climatic zone: V 
Soil characteristics: 
Drainage: moderately well drained 
Depth: very deep 
Colour: dark brownish grey to light brownish grey surface soil; brown to light grey 
subsoil 
Texture: fine sand to loamy fine sand, mostly overlying sandy loam 
Structure: porous massive, weakly to moderately coherent; fragipan: massive; 
clay cutans 
Consistence: friable (moist); non-sticky and non-plastic (wet) 
Permeability: moderate, low if a fragipan is present 
Chemical properties: no data available 
Mineralogy: mainly quartz 
Vegetation and land-use: grassed bushland; extensive grazing/b rowsing 
Annual and semi-annual field crops: maize, cassava (to a lesser extent) 
Map unit: PlOl 
Total area: 4860 ha 
Soil classification: 
FAO/Unesco (1974): gleyic and orthic Luvisols, partly sodic phase; solodic Planosols, 
gleyic and orthic Solonetz 
Kenyan Concept: -do-
Soil Survey Staff (1975): aquic, aridic and typic Haplu~talfs , aquic and typic Natrustalfs 
Brief map unit description: moderately wel! drained to imperfectly drained , deep to very 
deep, reddish yellow to brown, mottled, sandy clay; in places underlying 20-80 cm 
fine sand to loamy fine sand; ABC-profiles, abrupt to clear horizon boundaries, in 
places saline-sodic, in places with a petrocalcic horizon; variable nutrient status, 
low permeability 
Representative soil profile: Profile 22 (198/3-64) 
Environmental characteristics: 
Parent material: unconsolidated fine sandy and clayey deposits 
Physiographic unit: Coastal Plains (Bamba plain) 
Topography and dissection: flat to gently undulating; 
slope class: AB; 
not dissected 
Agro-climatic zone: V (90%) 
Soil characteristics: 
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Drainage: moderately well drained to imperfectly drained 
Depth: deep to very deep 
Colour: dark brown to dark greyish brown surface soil; reddish yellow to light olive 
brown and grey subsoils 
Texture: 20-80 cm fine sand and loamy fine sand overlies sandy clay loam to sandy 
clay 
Structure: porous massive, in places albic material 
Consistence: sealed, platy top layer; poreus massive, moderately coherent suface 
soils; strong, coarse prismatic subsoils 
Permeability and moisture conditions: permeability is high in the sandy surface soil, 
low in the subsoil; porosity is 30% (subsoil) to 50% (surface soil}, bulkdensity 
ranges between 1.4 and 1.8 g/cm3 , moisture storage is 25-30% in the surface soil 
and 10-15% in the subsoil 
Chemica! properties: organic matter content of the A horizon mostly does not exceed 
1%; CEC (pH 8.2) is 100 to 250 nunol/kg soil, base saturation mostly exceeds 50%, 
pH(H20) shows a wide range: 5.5-9.0 in many soils ESP exceeds 15, at least in the 
subsoil; free carbonates occur to some extent 
Mineralogy: many quartz (surface soil); quartz, 1:1 as well as 2:1-clay minerals and 
sometimes free carbonates prevail in the subsoils 
Vegetation and land-use : Bushland; extensive grazing/br owsing 
Annual and semi-annual field crops: maize, cassava (to a lesser extent) 
Similar soils : Apart from strong alkalinity and the sandy surface soil, the PlOl-soils 
show resemblance with those of unit UOl and UOc2p 
Map unit: PlOf-PlOl 
Total area : 6780 ha 
Soil classification: 
FAO/Unesco (1974) : 
Kenyan Concept: see PlOf and PlOl 
Soil Survey Staff (1975} : 
Brief map unit description: Association of: 
- soils of unit PlOf 
- soils of unit PlOl 
Representative soil profile(s) : See profile 22 for unit PlOl 
Environmental characteristics : 
Parent material : unconsolidated fine sandy and clayey deposits 
Physiographic unit : Coastal Plains (Bamba plain) 
Topography and dissection : flat to gently undulating ; 
slope class : AB; 
not dissected 
Agro-climatic zone : IV {approximately 80%) 
V {approximately 20%) 
Soil characteristics : 
Drainage: see PlOf and PlOl 
Depth: -do-
Colour : -do-
Structure : -do-
Consistence : -do-
Penneability and moisture conditions: -do-
Chemical properties: -do-
Mineralogy: -do-
Vegetation and land-use: Bushland; extensive grazing/browsing 
Annual and semi-annual field crops : maize, cassava 
3 . 3 .2 .4 Soil of the Low level coastal plains 
Map unit: P2WA 
Total area: 230 ha 
Soil classification: 
FAO/Unesco (1974): calcaric Regosols, paralithic phase; gleyic Luvisols 
Kenyan Concept: -do-
Soil Survey Staff (1975): lithic Ustorthents; aquic Haplustalfs 
Brief map unit description: Association of : 
moderately wel! drained, shallow, dark brown, strongly calcareous clay 
imperfectly drained, very deep, light olive brown, mottled, calcareous clay 
Representative soil profiles: none 
Environmental characteristics: 
Parent material: marls 
Physiographic unit: Coastal Plains (Kibarani plain) 
Topography and dissection: gently undulating to rolling; slope class: BO; slightly to 
moderately dissected 
Agro-climatic zone: III (75%) 
IV (25%) 
Soil characteristics: 
Drainage : moderately well drained (ass. 1) 
imperfectly drained (ass . 2) 
Depth : shallow (ass . 1), very deep (ass. 2) 
Colour: dark brown (ass. 1), light olive brown (ass . 2) 
Texture : calcareous clay 
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Structure: moderate to strong, medium to coarse, angular blocky (ass. 1), grading to 
strong, coarse, prismatic (ass. 2) 
Consistence: very firm (moist); sticky and plastic (wet) 
Permeability and moisture conditions: permeability is initially high, but diminish 
rapidy upon sustained wetting and soil swelling 
Chemical properties: no data available 
Mineralogy: undifferentiated clay minerals and free carbonates 
Vegetation and land-use: Bushland, grassland 
Similar soils: the soils of units P2WA are calcareous and do not show the same degree of 
cracking as those of unit HSKC, P2Lcp, P2Ec, AAc, VCX, BAc2 and the UT-units, but 
still there is an appreciable interrelationship among these soils 
Map unit: P2Eml 
Total area: 3885 
Soil classification: 
FAO/Unesco (1974): luvic and ferralic Arenosols 
Kenyan Concept: -do-
Soil Survey Staff (1975): alfic Ustipsamments, ustoxic Quartzipsamments 
Brief map unit description: somewhat excessively drained, very deep, reddish yellow to 
Fig. 32. Soil unit P2Em3 (ferralic and dystric Cambisols) about 3 .5 Jon north of Kilifi 
(photo H. Waaijenberg). 
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Fig. 33. Maize, cocospalm and cashew are the major smallholder crops in the low coastal 
plain. Mavueni, about 8 km south-west of Kilifi, June 1981 (photo H. Waaijenberg). 
yellowish brown, medium sand to loamy medium sand, 90-110 cm thick, overlying more 
than ·60 cm sandy loam to sandy clay loam ; AC-profiles of low fertility and high 
permeability 
Representative soil profile : Profile 23 (198/2-34) 
Environmental characteristics : 
Parent material : medium and coarse grained sandy deposits 
Physiographic unit : Coastal Plains (Kibarani plai n) 
Topography and dissection : flat to gentl y undulating slope classes : A, AB; not dis-
sected 
Agro-climati c zone : III (approximately 40%) 
IV (approximately 60%} 
Soil characteristics: 
Drainage: somewhat excessively drained 
Depth : very deep 
Colour : very dark greyish brown to dark brown surface soil; reddish yellow to brownish 
yellow subsoil 
Texture : (loamy) medium to fine sand, 90-110 cm thick; sandy loam at greater depth 
Structure: single grain to porous massive, weakly coherent 
Consistence : loos e to friable (moist); non-sticky and non-plastic (wet) 
Permeability and moisture conditions : permeability is high; porosity is 40-45%, bulk-
density is approximately 1.5 g/cm3 , moisture storage 6-12% (pF 2.3-pF 3.7) 
Chemica! properties : organic matter content of the A horizon does not exceed 1%, 
CEC (pH 8 .2) is 20 to 50 mmol/kg soil, base saturation varies largely, pH (H20) 
is 6 . 5-7. 5 
Mineralogy: predominantly quartz 
Vegetation and land-use: Wooded bushland; extensive grazing (of minor importance) 
Annual industrial crops : l cashew; 2 sisal (estate) ; 3 coconut 
Similar soils : the soils of P2Eml show r esemblance with those of unit USKf, USsl, USs2p, 
UOf, UElml , UElm2, UE2f and P2Em2 
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Map unit: P2Em2 
Total area: 560 ha 
Soil classification: 
FAO/Unesco (1974): ferralic Arenosols 
Kenyan Concept: -do-
Soil Survey Staff (1975): ustoxic Quartzipsamments 
Brief map unit description: somewhat excessively drained, very deep , yellowish red, medium 
sand, 90-110 cm thick, overlying more than 60 cm loamy medium sand ; AC-profiles of 
low fertility and high permeability 
Representative soil profiles: none 
Environmental characteristics: 
Parent material: medium and coarse grained sandy deposits 
Physiographic unit: Coastal Plains (Kibarani plain) 
Topography and dissection: flat to gently undulating; slope class: AB; not dissected 
Agro-climatic zone: III 
Soil characteristics: 
Drainage: somewhat excessively drained 
Depth: very deep 
Colour: dark brown surface soil; yellowish red subsoil 
Structure: single grain 
Consistence: loose (moist); non-sticky and non-plastic (wet ) 
Permeability and moisture conditions: permeability is high ; detailed data on moisture 
storage are lacking, however, data of unit P2Eml can safely be applied 
Chemical properties: no data available; data of unit P2Eml are well comparable 
Minerology: predominantly quartz 
Vegetation and land-use: Perennial industrial crops: sisal (estate) 
Similar soils: the soils of unit P2Em2 show resemblance with those of the following 
units: USKf, USsl, USs2p, UElml, UElm2, UE2f, P2Eml 
Map unit: P2Em3 (Fig. 32, 33) 
Total area : 3350 
~oil classification : 
FAO/Unesco (1974): ferralic and dystric Cambisols 
Kenyan Concept: -do-
Soil Survey Staff (1975): oxic and typic Ustropepts 
Brief map unit description: well drained, very deep , red to dark reddish brown, sandy 
loam, underlying 60-90 cm loamy medium sand; in places shallow over coral limestone; 
A(B)C-profiles, thick, weakly developed B-horizon , low fertility and high permeability 
Representative soil profile: 2-35 
Environmental characteristics: 
Parent material: medium and coarse grained sandy deposits 
Physiographic unit: Coastal Plains (Kibarani plain) 
Topography and dissection: flat, locally gently undul ating slope classes: A, AB; 
not dissected 
Agro-climatic zone: III (25%) 
IV (75%) 
Range of profile characteristics: 
Drainage: well drained, locally somewhat excessively drained 
Depth: very deep with shallow to deep inclusions 
Colour: dark brown surface soil; dark red to red subsoil 
Texture: (loamy) medium sand 60-90 cm over sandy loam 
Structure: porous massive, weakly coherent 
Consistence : very friable to friable (moist) ; non-sticky and non-plastic (wet) 
Permeability and moisture conditions : permeability is high ; data on moisture storage 
are lacking, however, the data of unit P2Eml can safely be applied 
Chemical properties: organic matter content of the A horizon does not exceed 1%; 
CEC (pH 7) is 40 to 100 mmol/kg soil, base saturation is mostly below 50%, pH (H20) 
is 6.0-7.0 
Mineralogy: predominantly quartz; illitie and kaolinitie clay minerals 
Vegetation and land-use: Wooded bushland and extensive grazing of minor importance 
Annual and semi-annual field crops: maize, cassava, pulses 
Annual industrial crops: sesame 
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Perennial industrial crops: 1 cashew, 2 sisal (estate}; 3 coconut 
Perennial fruits: mango 
Similar soils: the soils of unit P2Em3 show resemblance with those of unit USs3, UOf, 
UE2f, P2Em4 
Map units: P2Em4 
Total area: 1290 ha 
Soil classification: 
FAO/Unesco (1974}: ferralic and dystric Cambisols, Cambic Arenosols 
Kenyan Concept: -do-
Soil Survey Staff (1975}: oxic and typic Ustropepts, typic Ustipsamments 
Brief map unit description: well drained, very deep, yellowish red to dark yellowish brown, 
loamy medium sand to sandy loarn; A(B}C-profiles, the B horizon being weakly developed, 
low fertility, high penneability 
Representative soil profile: Profile 25 (198/2-14) 
Environmental characteristics: 
Parent material: medium and coarse grained sandy deposits 
Physiographis unit: Coastal Plains (Kibarani upland} 
Topography and dissection: flat; slope class: A; not dissected 
Agro-climatic zone: III (approximately 50%} 
IV (approximately 50%} 
Soil characteristics: 
Drainage: somewhat excessively drained to well drained 
Depth: very deep with moderately deep to deep inclusions 
Colour: brown surface soil, yellowish red to dark yellowish brown subsoil 
Texture: (loarny) medium sand to sandy loarn 
Structure: porous massive, weakly coherent to weak, medium, subangular blocky 
Consistence: loose to friable (moist); non-sticky and non-plastic (wet} 
Penneability and moisture conditions: permeability is high; porosity is 40-45%, bulk-
density is approximately 1.5 g/m3, moisture storage pF 2.3-pF 3.7) is 6-10% 
Chemical properties: organic matter content of the A horizon does not exceed 1%, 
CEC (pH 8.2) does not exceed 30 mmol/kg soil, pH (H2 0) is 6.5 to 7.5 
Mineralogy: predominantly quartz and illitic and kaolinitic, clay minerals 
Additional remarks: in places coral rock admixtures prevail 
Vegetation and land-use: (Wooded} bushland and extensive grazing of minor importance 
Annual and semi-annual field crops: maize, cassava, pulses 
Perennial industrial crops: 1 cashew; 2 sisal (estate}, 3 coconut 
Similar soils: the soils of unit P2Em4 show resemblance with those of unit USs3, UOf, 
UE2f, P2Em3 
Mapping unit: P2Ell 
Total area: 9120 ha 
Soil classification: 
FAO/Unesco (1974}: ferric Luvisols and Acrisols 
Kenyan Concept: chromic Luvisols and Acrisols 
Soil Survey Staff (1975}: oxic Paleustalfs and Rhodustalfs, Paleustults 
Brief map unit description: well drained, very deep, dark red to yellowish red, sandy clay 
loarn to sandy clay, underlying 30-60 cm medium sand to loarny medium sand; ABC-profiles, 
mostly thick but weakly developed B horizon, low fertility, moderate to high per- · 
meability 
Representative soil profile: Profile 26 (198/2-1) 
Environmental characteristics: 
Parent material: medium and coarse grained sandy deposits 
Physiographic unit: Coastal Plains (Kibarani plain} 
Topography and dissection: flat to gently undulating; 
slope class(es): A, AB; not dissected 
Agro-climatic zone: III (approximately 65%} 
IV (approximately 35%} 
Soil characteristics: 
Drainage: wel! drained to somewhat excessively drained 
Depth: very deep, with moderately deep and deep inclusions 
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Colour: dark yellowish brown to very dark greyish brown surface soil; dark red to 
yellowish red and streng brown subsoils 
Texture: sandy clay loam to sandy clay, underlying 20-80 cm (loamy) medium sand to 
sandy loam 
Structure: poreus massive, weakly coherent surface soil; poreus massive, moderately 
to strongly coherent subsoil; clay cutans 
Consistence: friable (moist); slightly sticky and slightly plastic (wet) 
Permeability and moisture conditions: permeability is high; porosity is 35-40%, bulk-
density is 1.5-1.7 g/cm3, moisture storage (pF 2.3-pF 3.7) is 6-9% 
Chemical properties: organic matter content of the A horizon does not exceed 1%, 
CEC (pH 8.2) is 20 to 100, occasionally 100 to 180 mmol/kg soil, base saturation 
varies largely, pH(H20) is 6.5-7.5, appreciable amounts of exchangeable Mn some-
times occur (10 mmol/kg soil) 
Mineralogy: predominantly kaolinite and quartz; locally free carbonates 
Vegetation and land-use: 
Grassed bushland and Extensive grazing of minor importance 
Annual and semi-annual field crops: maize, cowpea, cassava (often intercropped) 
Annual industrial crops: sesame 
Perennial industrial crops: 1 coconut; 2 sisal (estate); 3 cashew 
Perennial fruits: mango, citrus 
Similar soils: the soils of unit P2Ell show resemblance with those of unit USKl, UScl, 
UElll, UE112, UE21, P2El2 (apart from colour) and P2Ll2p (apart from depth) 
Map unit: P2El2 
Total area: 3010 ha 
Soil classification: 
FAO/Unesco (1974): ferric and orthic Luvisols 
Kenyan Concept: Ferral-orthic Luvisols 
Soil Survey Staff (1975): oxic and udic Paleustalfs; ultic Haplustafs 
Brief map unit description: well drained, very deep, streng brown to yellowish brown, 
sandy clay loam to sandy clay, underlying 30-60 cm sand to loamy medium sand; ABC-
profiles, often thick, but weakly developed B horizon,low fertility, moderate to 
high permeability 
Representative soil profile: Profile 27 (198/2-44) 
Environmental characteristics: 
Parent material: medium and coarse grained sandy deposits 
Physiographic unit: Coastal Plains (Kibarani plain) 
Topography and dissection: flat to gently undulating; slope classes: A, AB; not 
dissected 
Agro-climatic zone: III (approximately 40%) 
IV (approximately 60%) 
Soil characteristics: 
Drainage: well drained 
Depth: very deep 
Colour: dark brown to brown surface soil; streng brown to yellowish brown subsoil 
Texture: sandy clay loam to sandy clay, underlying 30-60 cm medium sand to sandy loam 
Structure: single grain to moderate, medium, subangular blocky 
Consistence: firm (moist); slightly sticky and slightly plastic (wet) 
Permeability and moisture conditions: permeability is moderate to high; porosity is 
35%, bulkdensity is 1.5-1.7 g/cm3, moisture, storage (pF 2.3-pF 3.7) is 6-9% 
Chemical properties: organic matter content of the A horizon does not exceed 1%, CEC 
(pH 8.2) is 20 to 80 mmol/kg soil, base saturation exceeds 50% pH(H20) is 5.0-6 . 5, 
in the subsoil exchangeable Mg sometimes exceeds exchangeable Ca 
Mineralogy: predominantly quartz; kaolinite and illite 
Vegetation and land-use: 
Grassed bushland 
Extensive grazing (of minor importance) 
Annual industrial crops: sesame 
Perennial industrial crops: coconut, cashew 
Perennial fruits: mango, citrus 
Similar soils: the soils of unit P2El2 show resemblance with these of unit 
USKl and P2Ell, UScl (apart from colour) 
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Map unit: P2El3 
Total area: 1600 ha 
Soil classification: 
FAO/Unesco (1974): ferric, orthic and gleyic Luvisols 
Kenyan Concept: FERRAL*-orthic Luvisols, gleyic Luvisols 
Soil Survey Staff (1975): oxic and udic Paleustalfs, aquic and ultic Haplustalfs 
Brief map unit description: moderately well drained, very deep, brown to yellowish brown, 
mottled , sandy clay, underlying 20-70 cm loamy medium sand; ABC-profiles, pronounced 
B-horizon, low to moderate permeability 
Representative soil profile: none 
Environmental characteristics: 
Parent material: meditun and coarse grained sandy deposits 
Physiographis unit: Coastal Plains (Kibarani plain) 
Topography and dissection: flat to gently undulating; slope classes: A, AB; not dis-
sected 
Agro-climatic zone: II! (50%) 
IV (50%) 
Soil characteristics: 
Drainage: moderately wel! drained, locally imperfectly 
Depth: very deep 
Colour: strong brown to very dark greyish brown surface soil; strong brown to 
yellowish brown subsoil 
Texture: sandy clay loam to sandy clay, underlying 20-70 cm loamy medium sand 
Structure: single grain surface soil; moderate, medium, subangular to angular blocky 
subsoil 
Consistence: firm (moist); slightly sticky and slightly plastic {wet) 
Permeability low to moderate 
Chemical properties: organic matter content of the A horizon does not exceed 1%, CEC 
(pH 8.2) is 30 to 80 mmol/kg soil, base saturation exceeds 50%, pH{H2 0) is 6.0, 
in the subsoil exchangeable Mg exceeds exchangeable Ca 
Minerology: predominantly quartz; some illite and kaolinite 
Vegetation and land-use: 
Bushland and Extensive grazing {of minor importance) 
Annual and semi-annual field crops: maize, cassave, cowpea (rainfed) vegetables (irrig 
Annual industrial crops: sesame 
Perennial fruits: banana 
Perennial industrial crops, cashew, coconut 
Map unit: P2Ec 
Total area: 245 ha 
Soil classification: 
FAO/Unesco (1974): vertic and gleyic Luvisols, pellic Vertisols 
Kenyan Concept: verti-gleyic Luvisols, pellic Vertisols 
Soil Survey Staff {1975): aquic; vertic Haplustalfs, udic Pellusterts 
Brief map unit description: imperfectly drained to poorly drained, very deep, dark brown 
to very dark grey, mottled, cracking, sandy clay to clay; A(B)C-profiles and, moderate 
fertility, low permeability 
Representative soil profile: none 
Environmental characteristics: 
Parent material: medium and coarse grained sandy deposits 
Physiographic unit: Coastal Plains (Kibarani plain) 
Topography and dissection: flat; 
slope class: A; not dissected 
Agro-climatic zone: II! 
Soil characteristics: 
Drainage: imperfectly drained to poorly drained 
Depth: very deep 
Colour: dark brown to very dark grey surface soil; yellowish brown to light yellowish 
grey subsoil 
Texture: sandy clay to clay 
Structure: moderate to strong, coarse, angular blocky to prismatic 
Consistence : firm (moist); sticky and plastic (wet) 
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Chemical properties: no data available 
Mineralogy: presumably a mixture of 1:1- and 2:1- clay minerals 
Vegetation and land-use: 
Grassland 
Extensive grazing 
Similar soils: the soils of P2Ec show resemblance with those of units HSKC, P2Lcp, AAc, 
VXC, P2WA, BAc2 and the UT-units; they all consist of cracking clay soils 
Map unit: P2Ell-P2El3 
Total area: 1220 ha 
Soil classification: 
FAO/Unesco (1974) : 
Kenyan Concept: ) see P2Ell and P2El3 
Soil Survey Staff (1975} : ) 
Brief map unit description: Association of: 
soils of unit P2Ell 
soils of unit P2El3 
Representative soil profile(s) : See Profile 26 (198/2-1) for Unit P2Ell (none for Unit 
P2El3) 
Environmental characteristics: 
Parent material: medium and coarse grained sandy deposits 
Physiographic unit : Coastal Plains (Kibarani plain) 
Topography and dissection: flat to gently undulating; 
slope class : AB; 
not dissected 
Agro-climatic zone: III 
Soil characteristics: 
Drainage: see P2Ell and P2El3 
Depth : -do-
Colour: -do-
Texture: see P2Ell and P2El3 
Vegetation and land-use: 
Grassed bushland and Extensive grazing of minor importance 
Annual field crops: maize, cowpea (rainfed); vegetables (irrigated} 
Annual industrial crops: sesame 
Perennial industrial crops: mainly coconut 
Perennial fruits: some mangos and citrus 
Map unit: P2LllP 
Total area: 6755 ha 
Soil classification: 
FAO/Unesco (1974) : Lithosols, haplic Phaeozems, ferralic Cambisols 
Kenyan Concept: eutric Lithosols, haplic Phaeozems, ferralic Cambisols 
Soil Survey Staff (1975): ruptic-lithic Haplustolls, lithic and oxic Ustropepts 
Brief map unit description: well drained, shallow to moderately deep, red to dark reddish 
brown, extremely rocky, loam to sandy clay loarn; ABC-AC- and AR-profiles, abrupt and 
irregular transition to the coral rock, low to moderate fertility, high permeability 
Representative soil profile: none 
Environmental characteristics: 
Parent material: coral lirnestone and sands 
Physiographic unit Coastal Plains (Kibarani plain) 
Topography and dissection: flat to gently undulating; slope class(es): A, AB; not disse 
Agro-clirnatic zone: III (60%) 
IV (40%) 
Soil characteristics: 
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Drainage : well drained 
Depth: shallow to moderately deep, with deep to very deep inclusions 
Colour : dark reddish brown to black surface soil; red to dark reddish brown subsoil 
Texture : loamy medium sand to loam, overlying sandy clay loam 
Structure: weak and moderate, medium to coarse, (sub)angular blocky 
Consistence: friable (moist); slightly sticky and non-plastic (wet) 
Permeability: high 
Chemical properties : organic matter content of the A horizon varies largely: 1-7%, 
CEC varies accordingly between 30 and 180 mmol/kg soil, base saturation varies 
largely pH{H20) is 7.5-8.5, HCl-effervescence is strong 
Mineralogy : mixture of 1:1-, 21- clay minerals, calcium carbonates and quartz 
Vegetation and land-use: 
Bushland (Lantana camara) 
Extensive grazing 
Annual and semi-annual field crops: maize, cassava, cowpea (of minor importance) 
Similar soils: apart from shallowness, the soils of unit P2LllP show resemblance with 
those of unit P2Ll2p 
Map unit: P2Ll2p 
Total area: 1715 ha 
Soil classification: 
FAO/Unesco (1974): ferric Luvisols, ferralic Cambisols 
Kenyan Concept: -do-
Soil Survey Staff (1975}: oxic Rhodustalfs, oxic Ustropepts 
Brief map unit description: well drained, moderately deep to deep, dark red to yellowish 
red, sandy clay loam to sandy clay, underlying 20-40 cm loamy medium sand; in places 
shallow over coral limestone; ABC-profiles, the B-horizon being weakly developed, low 
fertility, high permeability 
Representative soil profile: Profile 28 {198/4-6) 
Environmental characteristics: 
Parent material: coral limestone and sands 
Physiographic unit: Coastal Plains {Kibarani plain) 
Topography and dissection: flat to gently undulating 
slope classes: A, AB; not dissected 
Agro-climatic zone: III (approximately 65%) 
IV {approximately 35%) 
Soil characteristics: 
Drainage: well drained 
Depth: moderately deep to deep 
Colour: dark brown to brown surface soil; red to yellowish red subsoil 
Texture: sandy clay loam to sandy clay, underlying 20-40 cm loamy medium sand to 
sandy loam 
Structure: weak, fine (surface soil) to moderate, medium {subsoil), subangular blocky; 
in places clay cutans 
Consistence: friable (moist); slightly sticky and slightly plastic (wet) 
Permeability and moisture conditions: permeability is high; porosity is 50-60%, bulk-
density is 1.4-1.6 g/cm3, moisture storage {pF 2 .3-pF 3.7) is 6-9% 
Chemical properties: organic matter content of the A horizon is around 1%; CEC (pH 8.2) 
is 4-7 me/100 g soil, base saturation exceeds 50%, pH(H2o) is 6.0-7.0 and occasion-
ally HCl-effervescence is strong 
Mineralogy : mixture of 1:11-, 2:1-clay minerals, calcium carbonates and quartz 
Vegetation and land-use: 
Bush land 
Extensive grazing 
Annual and semi-annual field crops: maize, cassava 
Annual industrial crops: sesame ) t 1 
· 1 · d · 1 h ) o a esser extent Perennia in ustria crops: cas ew 
Similar soils: the soils of unit P2Ll2p show resemblance with those of unit USKl, UScl, 
P2Ell and P2LllP; however, soil depth is different for these units 
Map unit: P2Lcp 
Total area: 230 ha 
Soil classification: 
FAO/Unesco (1974): vertic Cambisols 
Kenyan Concept: -do-
Soil Survey Staff (1975}: vertic Ustropepts 
Brief map unit description: well drained, moderately deep to deep, yellowish red to strong 
brown, cracking clay; ABC-profiles, the B horizon being weakly developed, presumably 
moderate fertility and variable permeability 
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Representative soil profile(s}: none 
Environmental characteristics: 
Parent material: coral limestone and sands 
Physiographic unit: Coastal Plains (Kibarani plain) 
Topography and dissection: flat; slope class : A; not dissected 
Agro-climatic zone: IV 
Soil characteristics: 
Drainage: wel! drained 
Depth: moderately deep to deep 
Colour: yellowish red to strong brown 
Texture: clay 
Structure: strong, coarse, angular blocky to prismatic 
Consistence: firm (moist); sticky and plastic (wet) 
Permeability: initially high, but diminishes significantly upon sustained wetting and 
soil swelling 
Chemica! properties: no data available 
Mineralogy: predominantly 2:1-clay minerals and calciwn carbonates 
Vegetation and land-use: 
Bush land 
Extensive grazing 
Annual and semi-annual field crops: maize, cassava 
Similar soils: the soils of unit P2Lcp show resernblance with the soils of the other 
'cracking clay' units: HSKC, AAc, VXC, P2WA, P2Ec, BAc2 and the UT-units 
3.3.2.5 Soils of the Flood plains 
Map unit: AAx 
Total area: 705 ha 
Soil classification: 
FAO/Unesco (1974): eutric Fluvisols, gleyic Carnbisols 
Kenyan Concept: -do-
Soil Survey Staff (1975}: typic Ustifluvents, fluventic Ustropepts 
Brief map unit description: moderately well drained, deep to very deep, yellowish brown 
to dark greyish brown soils of varying texture; in places imperfectly drained and 
overlying sandy clay; A(B)C-profiles, the B horizon, if present, being weakly 
developed, fertility and permeability show considerable variation 
Representative soil profile(s): none 
Environmental characteristics: 
Parent material: recent alluvial deposits 
Physiographic unit: Floodplains 
Topography and dissection: flat; slope class(es): A; not dissected 
Agro-climatic zone: III, IV, V 
Soil characteristics: 
Drainage: moderately well drained, in places well drained or imperfectly drained 
Depth: deep to very deep 
Colour: dark brown to brown surface soil; yellowish brown to dark greyish brown 
subsoil 
Texture: varying 
Structure: varying between weak, mediwn, subangular blocky and strong, coarse, 
angular blocky 
Consistence : varying with texture 
Permeability: varying 
Chemica! properties: no data available 
Mineralogy: undifferentiated clay minerals and quartz 
Vegetation and land-use: Grassland 
Annual field crops: rice 
Perennial industrial crops: coconut 
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Map Wlit: AAc 
Total area: 3870 ha 
Soil classification: 
FAO/Unesco (1974): dystric Fluvisols, pellic and chromic Vertisols and vertic Cambisols 
Kenyan Concept: -do-
Soil Survey Staff (1975): aquic Ustifluvents, udic Pellusterts, udic Chromusterts, vertic 
Ustropepts 
Brief map unit description: imperfectly drained to poorly drained, deep to very deep, 
greyish brown to dark grey; mottled, cracking clay; in places calcareous; ABC- and 
AC-profiles with varying fertility and permeability 
Representative soil profile: Profile 29 (198/2-4) 
Environmental characteristics: 
Parent material: recent alluvial deposits 
Physiographic unit: Floodplains 
Topography and dissection: flat; slope class: A; not dissected 
Agro-climatic zone: II!; IV 
Soil characteristics: 
Drainage: imperfectly drained to poorly drained 
Depth: deep to very deep, with shallow and moderately deep inclusions 
Colour: dark brown to dark grey surface soil; dark greyish brown to black subsoil 
Texture: clay 
Structure: strong structures, ranging from medium, subangular blocky to coarse, 
prismatic; locally slickensides 
Consistence: firm to very firm (moist}; sticky and plastic (wet} 
Permeability: initially high hut diminishes rapidly upon sustained wetting and soil 
swelling 
Chemical properties: organic matter content of the A horizon mostly exceeds 2%; more-
over, the subsoil can contain appreciable amounts of organic matter; CEC (pH 8 .2) 
is 300 to 400 mmol/kg soil, base saturation exceeds 50%, pH (H20) varies largely : 
7.5-8.0 in pellic Vertisols, that also show strong HCl-effervescence; locally 
EC- and ESP-values of subsoils exceed 2 mmho/cm and 15 respectively 
Mineralogy: mostly 2:1-clay minerals 
Vegetation and land-use: 
Bushed grassland 
Extensive grazing 
Annual field crops: maize 
Perennial industrial crops: coconut, banana, cotton (of minor importance) 
Similar soils: the soils of lUlit AAc resemble those of unit HSKC, P2Lcp, P2WA, P2Ec, VXC, 
BAc2 and the UT-units; they all consist of cracking clays 
3.3.2.6 Soils of the Minor valleys 
Map Wlit: VXA 
Total area: 4410 ha 
Soil classification: 
FAO/Unesco (1974): albic Arenosols; gleyic Acrisols and Luvisols 
Kenyan Concept: -do-
Soil Survey Staff (1975): ustoxic Quartzipsamments; aquultic Haplustults and Haplustalfs 
Brief map unit description: Association of: 
1- well drained to moderately well drained, deep to very deep, dark brown to light 
yellowish brown, mottled, sandy loam to sandy clay loam, underlying 60-80 cm fine 
and medium sand (lower valley slopes) 
2- imperfectly drained to poorly drained, shallow to moderately deep, light yellowish 
brown to light grey, mottled, sandy clay loam to sandy clay (valley floors} 
Representative soil profile: none 
Environmental characteristics: 
Parent material: varying 
Physiographic unit: Minor Valleys 
Topography and dissection: flat valleybottoms; sloping to steep valley slopes; slope 
classes: C, D, E 
Agro-climatic zone: IV; V 
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Soil characteristics: 
Drainage: 1: well drained to moderately well drained 
2: imperfectly drained to poorly drained 
Depth: 1: deep to very deep 
2: shallow to moderately deep 
Colour: light yellowish brown to dark greyish brown surface soil; dark brown to light 
yellowish brown (ass. 1) and light yellowish brown to light grey (ass. 2) subsoils 
Texture: 1: 60-80 cm fine and medium sand, overlying sandy loam to sandy clay loam 
2: sandy loam to sandy clay, occasionally underlying 20-40 cm fine and 
medium sand 
Structure: single grain to weak, medium , subangular blocky surface soil; moderate, 
medium, subangular blocky subsoil 
Consistence: friable (ass. 1), firm (ass. 2) (moist); slightly sticky and non-
plastic (ass. 1) to slightly plastic (ass. 2) (wet) 
Permeability: high (ass. 1), moderate (ass. 2) 
Chemica! properties: varying profile 198/3-32 has an organic matter content that just 
exceeds 1%, CEC {pH 8.2) 70 to 100 mmol/kg soil, high base saturation, pH(H20) 
6.0-7.0 and high salinity in the subsoil 
Mineralogy: undifferentiated clay minerals and quartz 
Vegetation and land-use: 
1: (Brachystegia) bushed woodland 
Annual field crops: maize, cowpea 
2: (Unpalatable) grassland 
Annual field crops: rice 
Semi-annual field crops: sugarcane (of minor importance) 
Map unit: VXC 
Total area: 2755 ha 
Soil classification: 
FAO/Unesco (1974): pellic Vertisols, gleyic and vertic Cambisols 
Kenyan Concept: -do-
Brief map unit description: complex of cracking clay soil s of varying drainage condition, 
depth and colour; in places calcareous 
Representative soil profile(s): none 
Environmental characteristics: 
Parent material : varying 
Physiographic unit: Minor Valleys 
Topography and dissection: sloping to steep valley sides slope classes: C, D, E; 
Agro-climatic zone: III, IV 
Soil characteristics: 
Drainage: varying 
Depth: varying 
Colour: varying 
Texture: clay 
Structure: strong, coarse, angular blocky to prismatic 
Consistence: varying 
Permeability: initially high, but will diminish significantly upon sustained wetting 
and soil swelling; 
Chemical properties : no data available; in places strong HCl-effervescence indicates 
the presence of free carbonates 
Mineralogy: predominantly 2:1-clay minerals 
3.3.2.7 Soil of the Bottom lands 
Map unit: BAcl 
Total area: 870 ha 
Soil classification: 
FAO/ Unesco (1974): eutric Gleysols, gleyic Luvisols, Acrisols and Cambisols 
Kenyan Concept: -do-
Soil Survey Staff (1975): typic Tropaquepts, typic Tropaqualfs, (epi-) aquic Haplustults, 
aquic Ustropepts 
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Brief map unit description: moderately well drained to imperfectly drained, very deep, 
dark greyish brown, mottled, sandy clay loam to clay, in places calcareous; under-
lying 40-80 cm loamy fine and medium sand to sandy loam; ABC-profiles , moderate 
fertility, low permeability 
Representative soil profile: Profile 30 (198/2-21) 
Environmental characteristics: 
Parent material: recent unconsolidated deposits 
Physiographic unit: Bottomlands 
Topography and dissection: flat; slope class; A not dissected 
Agro-climatic zone: III 
IV 
Soil characteristics: 
Drainage: moderately well drained to imperfectly drained: occasionally poorly drained 
Depth: very deep 
Colour: very dark grey to black surface soil; very dark greyish brown subsoil 
Texture: sandy clay loam to sandy clay, mostly underlying 40-80 cm (loamy fine and 
medium sand to sandy loam 
Structure: single grain surface soil; strong, coarse, subangular, angular or pris-
matic subsoil 
Consistence: form (moist); sticky and plastic (wet) 
Permeability and moisture conditions: permeability of the sandy surface soil is high, 
permeability of the clayey subsoil is low; porosity is 40% (subsoil)-50% (surface 
soil), bulkdensity ranges from 1.5-1.8 g/cm3, moisture storage (pF 2.3-pF 3.7) 
is 8-12% 
Chemical properties: organic matter content of the A horizon is around 1%, CEC 
(pH 8.2) is 50 to 120 mmol/kg soil, base saturation varies largely, pH(H20) is 5.5-7.5, strong HCl-effervescence occurs in places 
Hineralogy: mixture of 1:1-, 2:1-clay minerals, quartz, feldspars and free carbonates 
Map unit: BAc2 
Total area: 2050 ha 
Soil classification: 
FAO/Unesco {1974): gleyic Luvisols and Cambisols 
Kenyan Concept: -do-
Soil Survey Staff (1975): aquic Haplustalfs and Ustropepts 
Brief map unit description: moderately well drained, very deep, brownish yellow to light 
grey, mottled clay; ABC-profiles, moderate fertility, low permeability 
Representative soil profile: none 
Environmental characteristics: 
Parent material: recent unconsolidated deposits 
Physiographic unit: Bottomlands 
Topography and dissection: flat; slope class: A; not dissected 
Agro-climatic zone: III; IV; V 
Soil characteristics: 
Drainage: moderately well drained to imperfectly drained 
Depth: very deep 
Colour: very dark greyish brown surface soil; yellowish brown to light grey subsoil 
Texture: sandy loam to loam {0-40 cm) over sandy clay loam to clay 
Structure: moderate, medium to coarse, subangular (surface soil) to angular (subsoil) 
blocky, locally prismatic, locally with clay cutans 
Consistence: firm (moist); sticky and plastic (wet) 
Permeability and moisture conditions: permeability is low to moderate, porosity is 
35-40%, bulkdensity ranges from 1.5 to 1.8 g/cm3, moisture storage (pF 2.3-pF 3.7) 
is 5-12% 
Chemica! properties: organic matter content of the A horizon is 1-2%; CEC (pH 8 .2) is 
50 to 100 mmol/kg soil, base saturation exceeds 50%, pH (H20) is 5.5-7.0 and up 
to 8.5 in case free carbonates prevail and/or ESP exceeds 15 (as occasionally oc-
curs in subsoils) 
Hineralogy: mixture of 1:1-, 2:1-clay minerals, quartz, feldspars and free carbonates 
Vegetation and land-use: 
Grassland, bushland 
Extensive grazing 
Annual and semi-annual field crops : upland rice, maize 
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Similar soils: although the soils of unit BAc2 are not that cracking, they show resemblance 
with the cracking clay soils of unit HSKC, P2WA, P2Ec , P2Lcp , AAc , VXC and the 
UT-units 
Map unit: 8Ac3 
Total area: 1530 ha 
Soil classification: 
FAO/Unesco (1974): solodic and mollie Planosols, saline phase 
Kenyan Concept: -do-
Soil Survey Staff (1975): typic Argialbolls, udollic Albaqualfs, saline phase 
Brief map unit description: imperfectly drained to poorly drained , deep to very deep, light 
brownish grey, mottled, saline and/or sodic, sandy clay to clay , underlying 20- 60 cm 
fine sand to loamy fine sand; ABC-profiles, abrupt horizon boundaries, low fertility 
and permeability 
Representative soil profile(s): none 
Environmental characteristics: 
Parent material: recent unconsolidated deposits 
Physiographic unit: Bottomlands 
Topography and dissection: flat; slope class(es): A; not dissected 
Agro-climatic zone: IV, V 
Soil characteristics: 
Drainage: imperfectly drained to poorly drained 
Depth: deep to very deep 
Colour: very dark greyish brown surface soil; light brownish grey subsoil 
Texture: fine sand to loamy fine sand (20-60 cm) overlying sandy clay to clay 
Structure: weak to moderate, coarse, angular blocky to prismatic 
Consistence: friable to firm (moist); sticky and slightly plastic (wet ) 
Permeability: high in the sandy topsoil, but practically zero in the subsoil; 
Chemica! properties: no data available; EC and ESP will normally exceed 4 mS and 15% 
respectively 
Mineralogy: mixture of 1:1-, 2:1-clay minerals, quartz, feldspars and free carbonates 
Vegetation and land-use: 
Bushed grassland with Extensive grazing 
Map unit: BAcl-BAc2 
Total area: 110 ha 
Soil classification: 
FAO/Unesco (1974): see BAcl and BAc2 
Kenyan Concept: 
Soil Survey Staff (1975) 
Brief map unit description: Association of: 
1- soils of unit BAcl (bottomland fringes); 
2- soils of unit BAc2 (bottomland central areas) 
Representative soil profile(s): none 
Environmental characteristics: 
Parent material: recent, unconsolidated deposits 
Physiographic unit: Bottomlands 
Topography and dissection: flat; 
slope class: A; not dissected 
Agro-climatic zone: IV 
Soil characteristics: 
Drainage: see BAcl and BAc2 
Depth: -do-
Colour: -do-
Texture: see BAcl and BAc2 
Permeability and moisture conditions: -do-
Chemical properties: -do-
Mineralogy: -do-
Vegetation and land-use: Annual field crops: upland rice 
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3.3.2.8 Soils of the Tidal flats and swamps 
Map unit: TAx 
Total area: 670 ha 
Soil classification: 
FAO/Unesco {1974): eutric Fluvisols, saline-sodic phase 
Kenyan Concept: -do-
Soil Survey Staff {1975): typic Halaquepts and Hydraquents 
Brief map unit description: poorly drained, very deep, very dark greyish brown to light 
olive brown, mottled, half-ripened, saline and sodic soils of varying texture; 
AC-profiles, low fertility and permeability 
Representative soil profile{s) : none 
Environmental characteristics: 
Parent material: recent marine deposits 
Physiographic unit: Tidal Flats and Swamps 
Topography and dissection: flat; 
slope class: A; not dissected 
Agro-climatic zone: III; IV 
Soil characteristics: 
Drainage: poorly drained 
Depth: very deep, stratified 
Colour: very dark greyish brown to light olive brown 
Texture: stratified profiles, variable textures 
Structure: massive, weakly coherent (high n-value} 
Consistence: varying, mostly very sticky, non-plastic (wet} 
Permeability: low 
Chemica! properties: no data available; EC- and ESP exceed 4 mS and 15% respectively 
Mineralogy: unspecified 
Vegetation and land-use: Sarren flats with locally halophytic plants 
Similar soils: TAx interferes with TAc 
Map unit: TAc 
Total area: 1765 ha 
Soil classification: 
FAO/Unesco (1974): thionic Fluvisols, saline-sodic phase 
Kenyan Concept: -do-
Soil Survey Staff (1975): typic Sulfaquents and Sulfaquepts 
Brief map unit description: very poorly drained, very deep, dark grey to dark olive, 
unripened, saline and sodic, sulfuric, sandy clay to clay; no horizon differentiation 
Representative soil profile{s): none 
Environmental characteristics: 
Parent material : recent marine deposits 
Physiographic unit : Tidal Flats and Swamps 
Topography and dissection: flat; slope class(es): A; not dissected 
Agro-climatic zone: II!, IV 
Soil characteristics: 
Drainage: very poorly drained 
Depth: very deep 
Colour: very dark grey to dark olive 
Texture: sandy clay to clay 
Structure: massive, weakly coherent 
Consistence: very friable (moist); very sticky and slightly plastic (wet) 
Chemica! properties: no data available EC, ESP and H2 S-concentration exceed taxie 
levels 
Mineralogy: unspecified 
Vegetation and land-use: Mangroves 
Similar soils: TAc interferes with TAx 
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Map unit: TAo 
Total area: 105 ha 
Soil classification: 
FAO/Unesco (1974): eutric and dystric Histosols 
Kenyan Concept: -do-
Soil Survey Staff (1975): various Tropofibrists and Tropohemists; Sulfihemists 
Brief map unit description: imperfectly drained to poorly drained, very deep , dark brown 
to black, organic material (muck), underlying 10-20 cm calcareous, loamy medium sand; 
HC-profiles 
Representative soil profile(s): none 
Environmental characteristics: 
Parent material: recent marine deposits 
Physiographic unit: Tidal Flats and Swamps 
Topography and dissection: flat; slope class: A; not dissected 
Agro- climatic zone: IV 
Soil characteristics : 
Drainage: imperfectly drained to poorly drained (class 2 and 1) 
Depth : very deep 
Colour: dark brown surface soil; black subsoil 
Texture: peat with sandy lamellae, underlying 10-20 cm loamy medium sand 
Structure: massive, weakly coherent; single grain surface soil 
Consistence: friable (moist); very sticky, slightly plastic (wet) 
Permeability: low 
Chemica! properties: organic matter content of these soils is very high (20 - 60%) 
throughout; CEC is 300 to 450 mmol/kg soil, base sa turation varies largely, 
pH (H20) is 7.0-8.0, HCl-effervescence can be strong, ESP exceeds 6 but not 15 
Mineralogy: unspecified 
Vegetation and land-use: Sarren flats, locally halophytic plants 
Distribution: TAo is a small unit, occurring along the coast, north of Kilifi 
3 .3.2.9 Soils of the Dunes 
Map unit: DEl 
Total area: 295 ha 
Soil classification: 
FAO/Unesco (1974): calcaric Regosols 
Kenyan Concept: -do-
Soil Survey Staff (1975): typic Ustipsamments 
Brief map unit description: excessively drained, very deep , pale brown to light grey, 
strongly calcareous, fine sand; AC-profiles, low fertility and high permeability 
Representative soil profile: none 
Environmental characteristics: 
Parent material: recent coastal sands 
Physiographic unit: Dunes 
Topography and dissection: flat to hilly; slope classes: A, B, C, D, E; 
Agro-climatic zone: III, IV 
Soil characteristics: 
Drainage: excessively drained 
Depth: very deep 
Colour: grey brown surface soil; very pale brown to light grey subsoil 
Texture: loamy fine sand 
Structure : single grain 
Consistence : loose (moist); non-sticky and non-plastic (wet) 
Permeability and moisture conditions: permeability is high, porosity is 50-60%, bulk-
density is 1.1-1.2 g/cm3, moisture storage (pF 2.3-pF 3.7) is 10-14% 
Chemica! properties: organic matter content of the A horizon generally does not ex-
ceed 1%; CEC {pH 8.2) is 20 to 50 mmol/kg soil, base saturation is 75-100%, pH (H2 0 
exceeds 8.0; strong HCl-effervescence throughout the soil profile 
Mineralogy: calcium carbonates and quartz 
Vegetation and land-use: Bare land (partly recreation purposes ) Perennial industrial crops: 
coconut 
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Map Wlit: DE2 
Total area : 334 ha 
Soil classification: 
FAO/Unesco (1974} : cambic Arenosols 
Kenyan Concept: -do-
Soil Survey Staff (1975): ustoxic Quartzipsamments and typic Ustropepts 
Brief map unit description: wel! drained, very deep, brown, medium sand to loamy medium 
sand; in places calcareous; A-profiles, low fertility and high permeability 
Representative soil profile: none 
Environmental characteristics: 
Parent material : recent coastal sands 
Physiographic unit : Dunes 
Topography and dissection: flat to hilly; slope classes: A, B, C, D, E; not dissected 
Agro-climatic zone: III, IV 
Soil characteristics: 
Drainage: wel! drained, locally somewhat excessively drained 
Depth: very deep 
Colour: dark brown surface soil; yellowish brown to brown subsoil 
Texture : (loamy} fine and medium sand 
Structure: single grain 
Consistence : loose (moist) non-sticky and non-plastic (wet} 
Permeability and moisture conditions: permeability is high; detailed data on moisture 
availability are lacking, however, data of unit DEl can be safely applied 
Chemica! properties : organic matter content of the A horizon does not exceed 1%; CEC 
(pH 8.2) is 10 to 20 nunol/kg soil, pH (H2o} is 6.5, but can be 8.0 in case free 
carbonates are present (strong HCl-effervescence} 
Mineralogy: predominantly quartz and to a lesser extent, calcium carbonates 
Vegetation and land-use: 
Bare land; Bushland; 
Perennial industrial crops: coconut 
3.4 SOIL GENESIS AND CLASSIFICATION 
3.4.1 Introduction 
Two internationally recognized classification approaches have been ap-
plied for the soils of the Kilifi Area: 
the FAO/UNESCO Legend to the Soil Map of the World (FAO/Unesco 1974); 
the USDA classification as described in Soil Taxonomy (Soil Survey Staff, 
1975). 
The approach of the Kenya Soil Survey which differs slightly from the 
FAO/UNESCO legend, the so-called "Kenya Concept" (Siderius & Van der Pouw, 
1980), is given as well. 
3.4.2 Soil genesis aspects 
The basis for soil classification is provided by the combined action of 
soil-forming factors. Some obvious trends in soil genesis of the Kilifi 
Area are summarized in this section. As its position along the Indian Ocean 
is well comparable to that of the Kwale-Mombasa-Lunga Lunga Area , reference 
is made to the corresponding chapter of the report on that survey (Michieka 
et al. , 1978) . 
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Climate 
Many loamy and clayey soils of the 'low level' Coastal Plains and the 
Coastal Uplands are very deep, reddish and non-calcareous and have predomi-
nantly kaolinitic clay minerals (large parts of the USK-, USc- , UOc-, UL-, 
UE- and P2E-units). Bleached sandy soils occur in adjacent areas (USKf, 
USs, UOf). 
The present-day rainfall pattern can not be held responsible for such 
features of weathering. Is is therefore assumed that soil formation has 
been influenced by humid and hot conditions in the past, probably during 
one or more 'pluvial' phases of the Pleistocene era. 
Parent material 
The occurrence of different parent materials can be read from the codes 
on the soil map (Appendix 1). In the Kilifi Area the influence of parent 
material as a soil-forming factor is strong. 
The siltstone-sandstone-limestone landscape contains brown and yellow, 
fine (USKf) and medium to coarse (USs) sandy, as well as red, loamy and 
clayey soils (USKl, USc, UL), which are quite different from the dark clays 
that have developed from shales (UT2). 
The unconsolidated deposits near the coast (UE and P2E) and the soils 
developed on coral limestone (P2L) have been weathered strongly and tex-
tures show much variation. 
Part of the soils of the Bay deposits (UOc2p, PlOl) contain sodium salts. 
In part of the sandy and loamy soils of the Bay deposits, the salts have 
been leached, leaving only a textural relationship with parent material . 
Topography and age 
The Kaloleni, Dzitsoni and, to a lesser extent, Pingilikani uplands are 
relatively stable surfaces. Consequently, soils are mostly deep to very 
deep and old (USK, US, UL, UEl). On the contrary, the Lutsangani upland is 
unstable . Geological and accelerated erosion have created a highly dis-
sected landscape. The combination of weathering of hard rock and surface 
soil erosion result in continuous profile rejuvenation. Mostly the soils 
are only moderately deep (UT2). 
In the undulating parts of the Bay deposits (UO), the higher parts are 
sandy, the lower parts clayey. In the flat areas (PlO) locally Planosols 
could develop. The coral limestones are very porous and are not subject to 
strong weathering. Consequently, the soils are shallow though old (P2L). 
The other soils of the Kibarani plain (P2E) are deep and old. Continuous 
enrichment takes place in the flat areas of the Floodplains (AA) and to a 
lesser extent in the Bottomlands (BA) and the Minor Valleys (VX). 
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Hgdrology 
The influence of the hydrological regime can be seen in soils that have 
developed : 
on flat land surfaces with imperfect drainage 
in areas that are regularly submerged by rain water 
in areas that are regularly flooded either by river water or by sea 
water. 
Imperfect drainage conditions in combination with fine-textured parent 
material that is rich in ca and Mg caused the formation of swelling and 
shrinking clay soils (Vertisols, particularly the UT2-units). A specific 
combination of imperfect drainage, climate (seasonal rainfall) and parent 
material caused gleying and the formation of abrupt clay pans (Planosols, 
part of PlOl, UOc2p, BAc3). 
Bottomlands and Minor Valleys comprise areas that are regularly sub-
merged. Their soils often show strong mottling . The same is true for some 
coastal flat surfaces (P2El3, P2Ec). Floodplains are regularly fed by silt-
containing river water, causing stratified loamy profiles (Fluvisols, AAx) 
or cracking and self-mulching clayey profiles (Vertisols, AAc). 
In Tidal Flats and Swamps a delicate natura! balance exists with respect 
to elevation, frequency and duration of flooding, salt content and vegeta-
tion (TA) . The soils of these areas contain sulfidic materials and may 
acidify strongly upon drainage (catclays, acid sulphate soils). 
Soil fauna 
The frequent occurrence of termite mounds in the Kilifi Area shows that 
biologica! activity is a soil-forming factor of importance. Although the 
extent to which termites are active is not as significant as in the Kisii 
Area (Wielemaker & Boxem, 1982) because of poorer and shallower soils, their 
role in improving the soil physical status is evident. They mix soil mate-
rials intensively and promote weathering of rotten rock. on the other hand, 
they can feed on growing crops. Termite activity seems to be highest in the 
· USK-, USs-, USc-, UL- and UE-units . 
Other animals, such as ants and earthworms , occur all over the area, 
their number decreasing from east to west . Biologica! activity is lowest in 
the western Planosols and Solonetz soils. Cockchafers are mainly found in 
the Lutsangani upland (UT-units) . 
Human activitg 
The influence of man on soil formation in the Kilifi Area is obvious. In 
the coastal and centra! areas, increasing pressure on scarce land caused 
strong reduction of organic matter contents in surface soils, due to land 
clearing and burning, which is a common practice at the beginning of the 
planting season. In low-input agriculture, such as in the Kilifi Area, 
maintenanc e of organic matter content i s almos t synonymous to maintenance 
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of soil fertility . In the drier western and northern regions serious over-
grazing caused substantial soil degradation with accompanying loss of soil 
fertility . 
3 . 4.3 Major classification units 
3.4.3.1 Remarks 
In the Kilifi Area 37 classification units (FAO/Unesco, 1974) were re-
cognized. They have been grouped in Table 8, together with a list of diag-
nostic criteria. Some 'tentative' units (Kenya Concept, Section 3.4.4) have 
been added: three intergrades at the first level (Ferralsols with Luvisols/ 
Acrisols) and one at the second level (chromic Acrisols) and the third leve] 
(verti-gleyic Luvisols). 
The entire area is considered to have an ustic moisture regime, although 
the northwestern part tends to aridic and the southeastern part to udic. 
This is done to simplify the USDA-classification (Ustalfs, Ustults, Ustro-
pepts, Usterts, Ustox). The soil moisture regime is considered aquic in casE 
of impeded drainage. 
Paleustults have not been subdivided at subgroup level in Soil Taxonomy. 
This was felt as a shortcoming for the Kilifi Area. 
The subdivision of Quartzipsamments is inaccurate: different soils all 
key out as ustoxic. This means that soils that do not have an udic moisture 
regime, are supposed to have properties of an oxic horizon at the same time, 
since this is not true for each Quartzipsamment in the Kilifi Area it is 
suggested that terms for the individual deviations are provided. 
In Soil Taxonomy, a Vertisol is a soil that does not have a lithic con-
tact. Consequently, shallow chromic Vertisols (FAO/UNESCO) correspond with 
lithic vertic Ustropepts (USDA). Ultisols key out before Mollisols. In the 
FAO/UNESCO Legend Phaeozems, however, key out before Acrisols. This discrep· 
ancy causes confusion about the mollie horizon. 
The two Great Groups occurring most frequently are Arenosols and Luvisoli 
followed by Acrisols, Cambisols and Vertisols. Ferralsols, Nitosols, Solo-
netz and Planosols are restricted to particular major landforms. In the 
Kenyan Concept (Siderius & Van der Pouw, 1980) and the Exploratory Soil Map 
(Sombroek et al., 1982), Nitosols are referred to as Nitisols . 
Relatively small areas are covered by Histosols, Lithosols, Fluvisols, Rego· 
sols and Phaeozems. 
3.4.3.2 FAO-UNESCO classification 
In the following, the soils are discussed according to their sequence in 
the FAO-UNESCO legend. 
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1- Table 8 Classification units occurring in the Kilifi Area. 
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(a) Histosols 
Both the dystric and the eutric subgroup occur in some Tidal Swamps (TA), 
mainly constituted by fibric (Tropofibrists) or hemic (Tropohemists) materia 
the latter sometimes having sulfidic materials within 1 m of the surface 
(Sulfihemists). 
(b) Lithosols 
Two units occur: HX2C and P2LllP . They are further c lassified as dystric 
and eutric respectively. Soil Taxonomy classifies such soils as lithic Us-
tropepts . Some mapping units have soils which also fall in lithic phases 
(HXlC, USlp, UTcl, UT2c3P, UT2C, P2WA). 
(c) Vertisols 
These soils consist of heavy, cracking clays. They can be strongly cal-
careous. Both subgroups occur within the Kilifi Area, the chromic domina-
ting over the pellic. Chromic Vertisols are widespread in the Lutsangani 
upland (UT2-units). Vertisols further occur in units HSKC, P2Ec, and AAc. 
In case not all requirements of a Vertisol are met, the soil belongs to the 
vertic subgroup of other major classification units (vertic Luvisols and 
Carnbisols). 
According to Soil Taxonomy, Vertisols do not have lithic contact. Conse-
quently, in case shallow coherent rock is presen t (UT2c3P and parts of 
UT2C), soils classify as lithic vertic Ustropepts. 
(d) Fluvisols 
They occur in two major physiographic units: Floodplains and Tidal Flats 
and Swamps. In the Floodplains occur the units AAx (predominantly eutric), 
USDA : typic Ustifluvent and AAc (predominantly distric) , USDA: aquic Usti-
fluvent. In the Tidal Flats and Swamps occur the units TAx (USDA: typic 
Malaquepts, Hydraquents), eutric, saline-sodic phase, and TAc (USDA: Sulfa-
quepts, typic Sulfaquents), thionic, saline-sodic phase, potential acid 
sulphate soils. 
(e) Arenosols 
Extensive units such as USKf, USsl (albic and luvic), and USs3, UOf, 
UElml and P2Eml (ferralic and carnbic) predominantly consist of well drained, 
highly poreus, deep, coarse-textured Arenosols. The bleached E-horizon is 
specific for the albic Arenosols, banded layers of clay illuvation for the 
luvic Arenosols and low CEC of the clay fraction for ferralic Arenosols. 
The USDA-classification does not give complete satisfaction. Al bic and fer-
ralic Arenosols both classify as ustoxic Quartzipsamments , part of the 
luvic Arenosols classify as alfic Ustipsamments. 
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(f) Regosols 
These are of minor importance. Calcaric Regosols occur in unit P2WA 
(lithic Ustorthents) and in unit DEl (typic Ustipsamments); eutric Regosols 
are common in parts of Minor Scarp-unit HXlC. 
(g) Ferralsols 
These occur in some of the UE-units of the Pingilikani upland. Inter-
grades to Luvisols and Acrisols occur in units P2El2 and 3, and unit ULc2 
respectively. These classifications are discussed in section 3.4.3.4 (Kenya 
Concept) . Rhodic Ferralsols dominate, whereas acric Ferralsols forma minor-
ity in unit UE112. USDA-classification: typic and ultic Haplustox for UElml , 
UElll and UE112; moreover, typic Acrustox in UE112. 
(h) Planosols 
These occur in the Bamba plain (units PlOl and BAc3). The solodic and 
mollie Planosols are imperfectly drained with a pronounced transition be-
tween a relatively light-textured surface soil, part of which is whitish 
(albic E horizon) and a heavy-textured, compact B horizon. Solodic Plano-
sols have more than 6% sodium in the exchange complex of the slowly perme-
able layer; in places this layer meets the requirements of a natric B 
horizon (more than 15% sodium). USDA-classification: typic Natrustalfs, 
udollic Albaqualfs (solodic Planosols); typic Argialbolls (mollie Planosols). 
(i) Solonetz 
These soils occur in units UOc2p (gleyic), and PlOl (gleyic and orthic). 
They always meet the requirements of a natric B horizon. USDA-classifica-
tion: typic and aquic Natrustalfs. Salinity and sodicity symptoms also oc-
cur in the Luvisols of units UOc2p and PlOl, in the subsoils of some UT-
and BA-units, and in units TAx and TAc (sodic and saline-sodic phase). 
(j) Dgstric Nitosols 
These occur in the UL-units. Shiny ped faces are the remarkable features 
of these dark red soils which clearly separates them from very deep sandy 
Acrisols of some P2E-units, that lack these 'nitic' properties. The KSS-
interpretation of the Nitosol is dealt with in section 3.4.3.4 . In Soil 
Taxonomy these soils classify as 'rhodic' or 'rhodic-oxic' Paleustults. 
(k) Acrisols 
These soils are strongly weathered and leached ABC-soils, and widespread 
in the Kilifi Area . The following subgroups occur: 
gleyic (units USKA2 , VXA) 
orthic (units UScl, ULcl, UOcl) 
ferric (unit UScl, inclusions) 
orthic (units USKl, USs 3, UScl, UOf, UOcl) 
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chromic* Acrisols occur in units ULcl. 
ferral-chromic Acrisols (Kenya Concept) are found in unit ULc2; in the 
FAO/UNESCO Legend the concept of 'ferric' is wider than the Kenyan Concept 
(section 3.4.3.4). The equivalents in Soil Taxonomy are: typic, epiaquic 
and oxic Haplustults, (typic, oxic, arenic and rhodic-oxic) Paleustults and 
Rhodustults. The subgroups in brackets are not official. 
(1) Luvisols 
These soils are widespread in the Kilifi Area. Apart from five FAO/ 
UNESCO subgroups, three "Kenyan Concept" subgroups were recognized as well. 
Gleyic Luvisols are found in parts of units USKA2, USc2, P2WA, BAcl and 
BAc2. Moreover, they occur in units UOc2p and PlOl, partly sodic phase, and 
in unit PlOf, partly with a fragipan. 
In Soil Taxonomy the soils key out as aquic and aquultic Paleustalfs (if 
the argillic horizon is sufficiently thick), aquic, aquultic, arenic (PlOf}, 
aridic (PlOl) Haplustalfs, typic Tropaqualfs (parts of BAc2) and aquic Na-
trustalfs (sodic phase of PlOl and UOc2p). Vertic Luvisols (vertic Hap-
lustalfs and udertic Paleustalfs) only partly meet the requirements of a 
Vertisol (UTlc). Verti-gleyic Luvisols (Kenyan Concept) are found in units 
UOc2p and P2Ec (udertic Haplustalfs and Paleustalfs). These soils have both 
vertic and hydromorphic properties. 
Ferric, chromic and orthic Luvisols interfere somewhat. If coarse mot-
tles or nodules are present, the Luvisols are ferric in both the FAO/ 
UNESCO and the KSS Legend. If the soils only have a CEC that does not ex-
ceed 24 meq/100 g clay, they are considered ferric in the FAO/UNESCO Legend 
only. In the KSS Legend these soils are orthic Luvisols, unless they are 
red enough to become chromic Luvisols. The definition of 'red' also differs 
for the two classification systems, so a chromic Luvisol in the FAO/UNESCO 
system can be an orthic Luvisol in the KSS Legend. These discrepancies are 
discussed in section 3.4.3.4. 
The soils occur in the following mapping units: 
ferric: units USKAl, UOc2p, P2Ll2p (oxic Haplustalfs, Paleustalfs and 
Rhodustalfs); 
chromic: units USKl, USlp (lithic phase}, UScl, UOcl, UElll, UE21, P2Ell 
( rhodic and oxic Paleustalfs, li thic and typ_ic Rhodustalfs); 
orthic: units HSKC, USlp (lithic phase}, USc2, UOl, PlOl(udic and lithic 
Haplustalfs, udic and ultic Paleustalfs). 
KSS-proposed intergrades that occur in the Kilifi Area are: 
ferral-chrornic* Luvisols (ULc2, oxic Rhodustalfs); 
ferral-orthic* Luvisols (P2El2, P2El3, oxic and udic Paleustalfs). 
(m) Cambisols 
These are slightly weathered soils that occur rather frequently in the 
Kilifi Area. Five subgroups were recognized: 
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gleyic (units UT2clp, VXC, BAc2), 
vertic (units HXlC, UT2clp, UT2C, P2Lcp, AAc, VXC), 
ferralic (units P2Em3, P2Em4, P2Ll1P , P2Ll2p), 
dystric (units P2Em3, P2Em4), 
eutric (unit HXlC). 
In the USDA Legend the soils classify as Ustropepts . At subgroup level, 
aquic and fluventic correspond with FAO's gleyic, oxic with FAO's ferralic 
and typic with FAO's dystric and eutric. The vertic subgroup occurs in both 
legends . Lithic phase (FAO/UNESCO) coincides with lithic and lithic vertic 
Ustropepts (USDA). 
3 . 4 . 3.3 Phases 
Phases are subdivisions of soil units based on characteristics which are 
significant to the use or management of the land but are not diagnostic for 
the separation of soil units themselves (FAO/Unesco, 1974). 
Five phases were recognized in the Kilifi Area : 
lithic phase: continuous coherent and hard rock within 50 cm of the 
surface; 
paralithic phase : underlying material bas a hardness by Mohr's scale of 
less than 3 ; 
fragipan phase: upper level of the fragipan within 100 cm of the surface 
(a fragipan is a slowly permeable, loamy subsurface horizon which bas a high 
bulk density relative to the horizons above it, is hard or very hard and 
seemingly cemented when dry and weakly brittle when moist) ; 
saline phase : electric conductivity exceeds 4 mmhos/ cm within 100 cm of 
the surface; 
sodic phase : exchangeable sodiurn percentage exceeds 6 withi n 100 cm of 
the surface. 
3 . 4 . 3 . 4 Kenyan Concept 
The use of the FAO/ UNESCO Legend terrninology for soil surveys of more 
detail than the legend was intended for, has revealed the need for greater 
detail in the existing classific ation framework. This has led to adapta-
tions of the first and second level terminology, as well as the introduc-
tion of the 'unit' (third level terminology) . The deviations frorn and the 
additions to the FAO/UNESCO classification system as applied by the Kenya 
Soil Survey are known as the 'Kenyan Concept' (Siderius & Van der Pouw, 
1980) . They were first applied in the 'Exploratory Soil Map of Kenya' (Sorn-
broek et al . , 1982) and 'Soils of the Kisii Area' (Wielernaker & Boxem, 1982). 
The following deviations are of particular relevance for the Kilifi Area: 
intergrades between Great Groups, 
an adjusted Lithosol and Nitosol concept, 
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new subgroups at the second level of classification, 
'units' at the third level, 
diagnostic properties. 
Intergrades between Great Groups 
In some parts of the Kilifi Area soils occur that do not satisfy the 
existing first level definitions (particularly units UL, P2El2, P2El3). 
These soils are intergrades between two Great Groups, viz. Luvisols/ Acri-
sols on the one hand and Ferralsols on the ether hand. The soils possess 
properties that refer to both an argillic and an oxic B horizon: there 
exists an increase in clay content with depth, high enough to meet the re-
quirements of an argillic horizon, but outspoken signs such as cutans are 
not or hardly visible. At the same time the soil meets requirements of an 
oxic horizon, which, however, are not fully met either. An exhaustive list 
of criteria is given by Siderius and Van der Pouw (1980, p. 4-S) . 
Two intergrades have been recognized in the Kilifi Area: the FERRAL-
chromic* ACRISOLS and the FERRAL-orthic LUVISOLS. 
Lithosols 
The depth limitation for Lithosols (hard rock within 10 cm of the sur-
face) was found to be too narrow for Kenya conditions and has been set at 
2S cm. In addition, Lithosols can be subdivided into dystric (unit HX2C) 
and eutric (unit P2LlP) subgroups if necessary. 
Nitosols 
The present definition of the Nitosols in the FAO/UNESCO Legend would 
have given a considerable extend of dystric Nitosols in the Kilifi Area. 
Many sandy soils with a slight increase in clay content meet the require-
ments of an argillic horizon. The thickness requirement is also met. Shiny 
ped faces, however, the features that gave the Nitosol its name, do not oc-
cur at all in these soils. Therefore, a nitic B horizon is proposed by Si-
derius & Van der Pouw (1980, p. 18-19), whereupon only the sandy clay soils 
of the ULc2-unit remain Nitosols. 
New subgroups at the second level of classif ication 
The meaning of one second level term has been altered in order to make 
it more meaningful to soils occurring in the Kilifi Area . To differentiate 
between the brown and red Cambisols and Luvisols, it was felt necessary to 
use the redefinition of red: the rubbed moist soil has a hue of SYR and a 
chroma of more than 4, or a hue redder than SYR. It is in this context that 
the chromic Acrisols were introduced. Chromic Acrisols are Acrisols with a 
red B horizon . The chromic subgroup keys out after the ferric and before 
the orthic. Intergrades with Ferralsols (FERRAL-chromic ACRISOLS) occur in 
unit ULc2, 'genuine' chromic Acrisols occur mainly in unit ULcl . 
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units at the third level 
In the FAO/UNESCO Legend no unit level is recognized . However, the ne-
cessity for this category became apparent during the various soil surveys 
in Kenya. The unit-concept has been applied only once in the Kilifi Area. 
Because of both vertic and hydromorphic properties occur, the soils of unit 
P2Ec have been named verti-gleyic Luvisols. 
Diagnostic properties 
The definition of ferric properties is slightly altered . The original 
concept of ferric is used in connection with Luvisols and Acrisols, showing 
one or more of the following: 
1. many coarse mottles with hues redder than 7.5YR or chromas more than 5, 
or both, 
2. discrete nodules, up to 2 cm in diameter, the exteriors of the nodules 
being enriched and weakly cemented or indurated with iron and having redder 
hues or strenger chromas than the interiors, 
3 . a cation exchange capacity (from NH4Cl) of less than 24 me/ 100 g · (= 240 
mmol/ kg) clay in at least a subhorizon of the argillic B horizon. 
According to the Kenyan Concept, the term ferric is used exclusively for 
the features mentioned under 1 and 2, and does not embrace the CEC require-
ment . 
Proposed alterations 
Proposed alterations, which deserve approval after the reconnaissance 
survey of the Kilifi Area are: 
the narrowing of the concept of the mollie A horizon, 
the definition of a nitic B horizon, 
the separation of vertic (turning and cracking) from rimnic properties 
(cracking only). 
3.5 SOIL FERTILITY 
3 . 5 . 1 Introduction 
Fertility of the soils of the Kilifi Area has been evaluated by means of 
field trials and soil and plant analysis. The fertility assessment has 
been carried out according to two systems: 
the Quantitative Evaluation of the Fertility of Tropical Soils (QUEFTS), 
a modification of the Kisii system (Guiking et al . , 1982, Janssen et al., 
1986); 
the Fertility Capability Classification (Buol et al., 1975). 
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Table 9. Levels of nutrient availability, corresponding maize yields, and up-
take of N, P and K. 
Availability Yield Up take {kg/ha) 
level (tons/ha) N p K 
1 > 5.0 > 120 > 16 > 120 
2 2.5 -5.0 61-120 9-16 71-120 
3 1.25-2.5 30- 60 5-8 40- 70 
4 < 1.25 < 30 < 5 < 40 
3.5.2 The QUEFTS system 
The Quantitative Evaluation of the Fertility of Tropical Soils (QUEFTS) 
is based on the interrelations between: 
the uptake of N, P and K by a rnaize erop during one growing season; 
the corresponding grain yield levels; 
chemica! soil properties measured in samples of unmanured soil and suit-
ed as N, P and K availability indices. 
For each of the nutrients of N, P and K, four levels of availability were 
distinguished corresponding with rnaize yield levels as indicated in Table 9. 
In the Kilifi Area, availability level 1 does not occur; this lev el has yet 
been mentioned in Table 9 for the sake of completeness. 
The relationship between yield and N- and P-withdrawal for the Kilifi 
Area appears to fit well in the already established range for the Kisii 
Area and parts of surinam (Janssen, unpublished data). Figures 34 and 35 
show between which ranges this relationship exists. 
From these figures, the following conclusions can be drawn. 
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Fig. 34 . Relation between total N uptake 
and maize grain yield . 
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Fig . 35. Relation between total P uptake 
and maize grain yie ld. 
Each kg N withdrawn from the soil coincides with a 35-65 kg increase of 
grain yield if : 
a . the ratio yield/ uptake approximates 65, N-uptake is the main yield lim-
iting factor; grain N concentration is 1.1-1.3%, 
b . . the ratio yield/ uptake approximates 35, N-uptake is relatively excessive: 
other factors than N are limiting; grain N concentration is 1 . 6-2.4%. 
Each kg P withdrawn from the soil coincides with a 200-600 kg increase 
of grain yield if : 
a . the yield/ uptake ratio approximates 600, P-uptake is the main yield lim-
iting factor; grain P concentration is 0 . 14-0 . 17%, 
b. the yield/ uptake ratio approximates 200 , P-uptake is relatively excessive: 
other factors than P are limiting; grain P concentration is 0.35-0 . 40%. 
Moreover, each kg K withdrawn from the soil appeares to coincide with a 
20-100 kg increase of grain yield. 
The availability levels mentioned in Table 9 are related to chemical 
properties of topsoils (0-20 cm) as shown in Table 10. The appraisal of a 
chemica! property in terms of nutrient availability depends not just on the 
value of that property but also on values of other properties. Mineraliza-
tion of nitrogen, for instance , is governed by, amongst ethers, pH. In Fi-
gure 36 , it is shown that at a similar P-Olsen, more P was taken up by maize 
in the Kisii Area than in the Kilifi Area . Two factors account for this: 
higher N availability in the Kisii Area than in the Kilifi Area (N avail-
ability levels 1 and 2 versus 3 and 4), 
higher amounts of total phosphorus in the Kisii soils. 
It is impossible to determine which of the two factors is more important, 
since organic C (or organic N) proved to be rather closely correlated with 
P-uptake 
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Fig. 36 . Relation between content of P-Olsen and P uptake for the Kisii and the Kilifi 
Area . For N availability see Table 3 .5 .1 . 
111 
total phosphorus. Whatever the reason, P-Olsen has to be valued lower in 
Kilifi than in Kisii. The organic c content proved practical as a second 
criterion for the valuation of P-Olsen and also of exchangeable K. 
The soils of the various mapping units can be grouped according to the 
nutrient availability levels. Although 36 combinations (3 x 4 x 3) of N-P-K 
availability levels could be made, only 10 appeared to occur in the Kilifi 
Area. These 10 combinations and their final fertility class are shown in 
Table 11. This table also summarizes the diagnostic properties given in 
Table 10 and two additional properties (CEC and total phosphorus). 
Table 10. Ranking of values of diagnostic properties of topsoil (0-20 cm ) 
in terms of nutrient availability in relation to other soil properties for 
the soils of the Kilifi Area. 
Diagnostic property 
organic carbon1 
(g/kg) 
P-Olsen2 
(mg/kg P) 
exchangeable K 
(mmol/kg K) 
Range of 
va lues 
18-28 
9-17 
< 9 
> 6 
4-6 
~ 3 
~ 3 
> 6 
2-6 
< 2 
Other Nutrient 
conditions availability class 
pH-H20 > 5 . 5 2 pH-H20 > 5 . 5 3 4 
org.C ~ 28 2 
org . C ~ 28 3 
org.C ~ 28 3 
org.C ~ 17 4 
2 
org.C ~ 28 3 
org.C ~ 28 4 
1. Organic N can be used instead of organic C; the relationship is organic 
N = 0.1 * organic C 
Many soils, however, have a C/N-ratio which exceeds 10. 
2. For P-Mehlich the corresponding ranges (mg/kg P) are: > 18, 10-18 , ~ 9 . 
Table 11. Fertility classes for the Kilifi Area. 
Diagnostic properties Additional Combinations Fert. 
properties of nutrition class 
avail . class 
org.C P-Olsen1 exch.K pH-H2 0 CEC(pH8.2} P-total (Table 10) (g/kg) (mg/kg) (mmol/kg} (-) (mmol/kg) (mg/kg} N p K 
> 17 > 6 > 6 > 5 . 5 > 100 > 300 2 2 2 Cl 
> 8 > 6 > 6 > 5 . 5 > 100 > 300 3 2 2 C2 
> 8 > 3 > 6 > 5 . 0 > 100 > 300 3 3 2 D2 
> 8 > 3 > 2 > 5 .0 > 100 > 300 3 3 3 03 
~ 8 > 6 ~ 2 > 5.0 > 50 > 200 4 2 3 El 
~ 8 > 6 < 2 > 5.0 > 50 > 300 4 2 4 El 
~ 8 > 3 ~ 2 > 5.0 > 50 > 300 4 3 3 E2 
~ 8 > 3 < 2 > 5 .0 > 50 > 200 4 3 4 E2 
~ 8 :ll 3 ~ 2 > 5.0 < 50 < 200 4 4 3 E3 
~ 8 ~ 3 < 2 > 5.0 < 50 < 200 4 4 4 E3 
1 The corresponding values for P-Mehlich are 18 and 9 . 
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Table 12 . Relationship between fertility class, nutrient uptake and 
maize yield levels in the Kilifi Area. Haize varieties are coast com-
posite and pioneer Hybrid. 
Fertility class 
(Table 11) 
Cl 
C2 
02 
03 
El 
E2 
E3 
N 
75 
55 
40 
35 
25 
20 
10 
Nutrient 
(kg/ha) 
p 
10 
9 
7 
6 
8 
5 
3 
up take Haize yield level 
(kg/ha} 
K 
90 2750 
80 2250 
70 1600 
50 1300 
40 1000 
30 700 
20 400 
To belong to a fertility class, a soil should meet the requirements of 
all four diagnostic properties. The additional properties will generally 
but not necessarily confirm the soil fertility classification. The distin-
guishing criterion between class C and D is availability of P (levels 2 and 
3 respectively); between class D and E it is availability of N (levels 3 
and 4 respectively). The subdivisions of class C, D and E are based on 
availability of N, K and P respectively. 
Table 12 shows the relationship fertility classes, nutrient uptake and 
maize yield levels. It should be stressed that the indicated yields and 
nutrient uptake levels can only be obtained under good erop husbandry; i.e. 
proper time and spacing of planting, weed control and control of pests and 
diseases. 
3.5.3 Fertilitg Capabilitg Classification 
A relatively recent concept to classify topsoil physical performance and 
fertility is known as the Fertility Capability Classification (Buol et al., 
1975; Sanchez et al., 1982). Since it involves soil properties which are 
relatively permanent and which have a relatively low spatial variability 
the system is appropriate for classification at scales of 1 : 100 000, such 
as the reconnaissance map of the Kilifi Area. 
It should be noted that recommendations as to fertilizer use should fol-
low from field trials and not just from the FCC, which provides insufficient 
detail for this purpose. The FCC system provides more qualitative and less 
quantitative information than the QUEFTS system. A key to the FCC is given 
in the following. The system consists of three categorical levels: type 
(topsoil texture), substrata type (subsoil texture), and a set of modifiers. 
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Tgpe (texture of surface 20 cm). 
S=sandy topsoils: loamy sand and sand; 
L=loamy topsoils: <35% clay but not loamy sand and sand; 
C=clayey topsoils: >35% clay; 
O=organic soils: >30% O.M. to a depth of 50 cm or more . 
Substrata tgpe (texture of subsoil): are used only if there is a marked 
textural change from the surface. 
S=sandy subsoil: texture as in type S; 
L=loamy subsoil: texture as in type L; 
C=clayey subsoil: texture as in type C; 
R=rock or other hard root-restricting layer. 
Modifiers 
g= (gley): soil or mottles < 2 chroma within 60 cm of the soil surface and 
below all A horizons, or soil saturated with water for > 60 days in most 
years; 
e= (low cation exchange capacity): applies only to plow layer or surface 
20 cm, whichever is shallower: CEC < 40 mmol/kg soil by L bases + KCI-
extractable Al + H (effective CEC), or CEC < 100 mmol/kg soil at pH 8.2; 
h= (acid): 10-60% Al-saturation of the effective CEC within 50 cm of soil 
surface, or pH in 1:1 H2o between 5.0 and 5.5; 
v= (vertisol): very sticky and plastic clay: > 50% of 2:1 expanding clays; 
k= (low K reserves): < 10% weatherable minerals in silt and sand fraction 
within 50 cm of the soil surface, or exchangeable K < 2 mmol/kg; 
b= (basic reaction): free carbonate within 50 cm of soil surface (effer-
vescence with HCl), or pH> 7.3; 
s= (salinity): ~ 4 mS of electrical conductivity of saturated extract at 
25°C within 1 m of the soil surface; 
n= (natric): ~ 15% Na-saturation of CEC within 50 cm of the soil surface; 
c= (cat clay): pH in 1:1 H2o is < 3.5 after drying and jarosite mottles are 
present within 60 cm of the soil surface; 
'=(gravel): a prime(') denotes 15-35% gravel or coarser ( > 2 mm) parti-
cles by volume to any type or substrata type texture (example: S'L = 
gravelly sand over loamy; SL'= sandy over gravelly loam). 
Examples: 
Sek = sandy soil throughout; low CEC and low K-reserve. 
(L)C gen = clayey soil, in places loamy surface soil, imperfect drainage, 
low CEC and high sodium saturation. 
L(R)(k)b = loamy soil, in places overlying hard rock within 1 m, in places 
low K-reserves, high pH ( > 7.3). 
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Table 13. Diagnostic and additional properties of soil mapping unit(s). 
Mapping unit Diagnostic properties 
number of organic P-Olsen P-Mehlich (exch.K) pH-H20 
samples carbon (mg/kg) (mg/kg} (mmol/kg) 
(g/kg) 
USKf 10 4- 8 10 10-22 1- 3 5.5- 6.0 
USKl 2 7 n.d. 8-28 2- 4 6.3-7.0 
USKAl 9 7-10 3-7 7-20 3- 5 5.8-6.2 
USKA2 2 8-15 3 20-23 1- 6 5.5- 5.8 
1,2,3 
USs 8 3- 7 n.d. 3-10 1- 4 5.0-6.0 
UScl 10 5- 9 3-5 5-10 3- 4 6.0-6.5 
ULcl,2 8 9-16 4-7 5-20 7-13 6.2-6.8 
UOf 4 5- 7 18 14-98 3- 5 6.0-6.2 
UOl , UOcl 4 7-12 30 3-10 4- 8 5.8-6.3 
UOc2p 4 4- 8 4-54 2- 5 5.7-6.2 
UT2 23 15-21 4-15 15-30 6-15 5.8-6.8 
UEl 7 3- 5 4 12-18 <1- 3 5.8-6.2 
PlO 3 4- 8 n . d. 20-30 2- 6 6.0-7.5 
P2Em 10 3- 5 8 8-30 2- 4 6.5-7.2 
P2El 22 4- 7 4-12 6-25 2- 5 6.2-7.0 
P2Ll 6 5- 7 4 10-16 2- 6 6.5-8.0 
BAcl ,2 7 6- 9 5 8-14 2- 6 5.5-7.0 
DEl,2 2 3- 6 n.d. 18-22 <l 6.5-8.0 
Additional properties 
CEC{pH 8.2) P-total 
(mmol/kg) (mg/kg) 
30- 60 n.d 
60-100 250-350 40- 60 
100 
10- 40 n.d. 
40-100 150-250 
100-140 300-450 
40 n.d. 
100 250-500 
80-100 n.d. 
220-350 300-550 
30- 60 100-150 
100-200 n.d . 
20- 60 100-200 
50-100 100-200 
70-120 n.d. 
50-150 150 
20- 30 n.d. 
3.5.4 Fertilitg appraisal of the various land mapping units 
The diagnostic and additional properties of soil mapping units are sum-
marized in Table 13 . 
The fertility appraisal of these units is given in Table 14. Most soils 
fall in more than one fertility class, because of the relatively wide rangef 
of soil properties. Yet, a ranking of the soil units by their fertility is 
possible (Table 15). This table also indicates a relationship between both 
fertility evaluating systems: 
class C corresponds with high-activity clay soils; 
class D corresponds with low-activity clay soils and loamy soils; 
class E corresponds with sandy and sandy-loamy soils, with e (low CEC) 
and k (low K reserves) modifiers. 
The subdivision in class E of the QUEFTS system, which is mainly based 
on P availability cannot be indicated in the FCC system. 
Appendix SD shows a soil fertility map based on a combination of both 
systems . 
Table 14. Fertility appraisal of soil mapping units according to both 
evaluation systems. 
Soil mapping 
unit 
USKf 
USKl 
USKAl 
USKA2 
USs 1,2,3 
UScl 
ULcl,2 
UOf 
UOl, UOcl 
UOc2p 
UT2 
UE 
PlO 
P2Em 
P2El 
P2Ll 
BAcl,2 
OEl,2 
Small units: 
Nutrient avail- Fertility class 
ability class 
N p 
4 2 
4 2 
3/4 3 
3 3 
4 4 
4 4 
3 3 
4 2 
3/4 3/4 
4 3 
2/3 2/3 
4 3 
4 2 
4 3 
4 2/3 
4 3 
4 3 
4 2 
K (section 3.5.2) 
4 El 
3 El 
3 03 + E2 
3/4 03 
3/4 E3 
3 E3 
2 02 
3 El 
3 D3-E3 
3 E2 
2 Cl-C2 
4 E2 
3 El 
3 E2 
3 El-E2 
3 E2 
3 E2 
4 El 
UTlC, P2WA, P2Ec, P2Lcp, VXC, AAc 
HSKC, HX lC, HX 2C 
USlp, USc2, VXA 
BAc3 
TAo, TAc, TAx 
Fertility capa-
bility class 1 
(section 3.5.3) 
S ek 
SL e 
SLe + Ce 
L(C)ge(k) 
S(L)e(h)k 
Le + (S)Ce 
(L)C 
Se 
(S)Le + LCe 
(L)Cgen + (L)C e(k) 
C/C'/C'Rv(b} + Cgv 
S(L)ek 
Se + SLge(k,b}+ 
(S)C(g)en 
S(L)e(k,b} 
SL(e,k)+LCg(e,k} 
L(R) (k}b + SLe(k,b) 
(S)Lg(e,b) + Cg 
S ek (b) 
C (g,v,k,b) 
LC v(b)/(C)R 
(S)L(C) (g)e(k) 
SCges {k,n) 
Cgsnc + Og(k,b)n 
1 FCC-terms in parentheses indicate non-uniformity of the particular 
characteristic in the soil mapping unit . 
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3.5.5 General discussion on the fertilitg of the soils of the Kilifi Area 
From Table 14, it becomes clear that N-deficiency is the most important 
soil fertility constraint in the Kilifi Area (strong predominance of N avail-
ability class 4). 
Table 15 shows that the UT-units have the highest fertility (class C). 
The UL-units rank second (class D2). Part of the USKA- and uo-units are the 
remaining units that have soils with an N availability class 3 (fertility 
class D3). Low nitrogen but reasonable phosphorus availability was recorded 
on soils of units USKf, USKl, PlO and DE (class El). 
The soils of most UO-units, the UE-units and most P2Em-, P2El and P2Ll-units 
rank class E2. Lowest fertility was observed in the soils developéd on Mazeras 
sandstones (units USs and USc: fertility class E3). 
Many soils, but particularly those of the uo- and PlO-units show quite 
irregular P-Mehlich and P-Olsen values. It is unclear whether this is to be 
attributed to the soils origin (bay deposits) or to a random distribution 
of cattle dung and slurry. 
Although availability of K is not high in most soils, yields are not lim-
ited by K deficiency as long as no N or NP fertilizers are applied. Once it 
has become common practice to use these fertilizers, the need for K fertil-
izers will arise. 
CEC (pH 8.2) and total phosphorus have been shown in Table 13 as addi-
tional properties. The data show highest cation retention capacity and 
phosphorus supplying power in the soils of the UT-units and lowest in those 
of the USs-, UE- and P2Em-units. 
Fertility of the individual mapping units is treated as a land quality 
'nutrient availability' in the land evaluation (section 4.2.2). 
Table 15. Soil mapping units grouped according to soil fertility classes 
of the QUEFTS and the FCC system. 
Fertility class 
QUEFTS 
c 
D 
El 
E2 
E3 
FCC 
C, Cgv 
(L)C 
Se(k), 
Se(k), 
Se(k}, 
SLe 
SLe 
SLe 
Soil mapping units 
UT 
UL 
USK, parts of UO, PlO and P2E 
UE, P2L, BAcl,2, part of P2E 
USs, USc 
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3.6 EROSION AND LAND DEGRADATION 
3.6.1 General 
The vulnerability of soils to erosion depends on: rainfall erosivity, 
soil erodibility, slope length and angle, erop cover and management and 
soil conservation practises. It is usually referred to as erosion hazard 
(Hudson, 1971). erop and management practices, however, can change markedly 
with time, and therefore a more inherent characteristic of the potential of 
soils to erode is given by the rainfall intensity, the soil erodibility and 
the slope length and angle, the combined effects of which are referred to 
as the erosion susceptibilitg. Thus, erosion susceptibility provides an in-
dication of the soil loss likely to be expected from bare land. 
Erosion can occur as superficial sheet and rill erosion, which is easily 
obliterated by tillage, or as deep gully erosion. In most soils a certain 
degree of annual soil loss does not significantly affect productivity and 
this is called permissable or tolerable soil loss. 
Besides hazard and susceptibility for the loss of soil by erosion, there 
are related processes causing deterioration of the soil for sustained pro-
duction, e.g. soil compaction, crust formation, salinization, removal of 
soluble nutrients, fixation etc. The term soil degradation is commonly used 
for these processes. 
The susceptibility to erosion of the soils of the survey area was esti-
mated by combining the effects of the land characteristics related to cli-
mate (erosivity}, soil (erodibility} and relief. This was done by using the 
Universa! Soil Loss Equation and the soil erodibility nomograph (Wischmeier 
et al., 1971). soil information is gathered from selected sites and results 
were compared with field observations on the spot and rain simulator trials 
on bare soil (Van Campen, 1983}. In a small area near Kaloleni, Gachene 
(1982} made a detailed assessment of the erosion susceptibility of soils 
developed on sandstones (Mariakani Formation). Results of both studies were 
used to establish the rating for the land quality 'resistance to erosion' 
(section 4.2 .8 ). Appendix 5E shows the erosion susceptibility of the soils 
of the Kilifi Area. 
3.6 .2 Rainfall erosivitg 
Erosivity is determined by amount of rainfall and rainfall intensity. 
Average annual rainfall ranges from about 1200 mm at Mtwapa to 650 mm near 
Bamba. Amount and distribution vary considerably from year to year (sec-
tion 1.2). In general, intensity is not recorded in Kenya, but the Project-
recorders near Kilifi and Mitangoni recorded intensities up to 60 mm/hr be-
tween 1979 and 1983. The question arises which threshold value induces sig-
nificant erosion. Hudson (1971) gives a figure of 25 mm/hour, based on stu-
118 
dies in Zimbabwe. This value also proved appropriate in Tanzania (Rapp et 
al., 1972) and in Malaysia (Morgan, 1979) . 
Rainfall erosivity is often expressed as an index based on the kinetic 
energy of rain. Wiscluneier's index R = EI30;100, a compound index of kinet-
ic energy and the maximum 30-minute rainfall intensity is used most widely. 
There are no sufficient data to estimate R for the Kilifi Area, but Roose 
(1975) has statistically proved that in West Africa R can be satisfactorily 
approximated by 0.5 times the mean annual rainfall. In fact this means that 
Wiscluneier's erosivity index R ranges from about 600 near the Coast to 300 
in the northwestern corner of the Kilifi Area. 
3.6.3 Soil erodibility 
The susceptibility of a soil to detachment and transport by rainsplash 
and runoff is called 'erodibility'. It varies with a large number of soil 
characteristics, such as aggregate stability, shear strength, infiltration 
rate and organic matter content. 
Wischmeier et al. (1971) have designed a nomograph for computing the 
soil erodibility factor K in the Universa! Soil Loss Equation. Required 
data are: percentage of sand (0.1-2 mm), percentage of silt plus very fine 
sand (0.002-0.1 mm), percentage of organic matter, soil structure and perme-
ability. 
According to Roose (1975), Wiscluneier's nomograph (and in fact his whole 
Universa! Soil Loss Equation) can wel! be applied to tropical soils of a 
ferralitic and/or ferruginous nature, but not to Vertisols. This means that 
it can be used to estimate and compare soil erodibility in the Kilifi Area, 
except for the soils of the Mtomkuu Formation (UT-units) and part of the 
soils of the Bay deposits (UO-, PlO-units). In these areas erodibility was 
mainly estimated with the help of a rain simulator and sediment traps, by 
field observations after rainstorms and by laboratory tests on aggregate 
Table 16. Assesment of soil erodibility of the major soil mapping units 
in the Coastal Uplands. 
Group of soil mapping units Erodibility (K-value) 
USK 0 .25-0.48 
USs 0.13-0 . 48 
UL 0.13-0 .36 
UT 0.25-0.36 
UE 0.13-0.36 
uo 0 .25-0.48 
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stability (Smaling, 1981; Van Campen, 1983). 
Van Campen (1983) compared the K-values, obtained by nomograph computa-
tions of rain simulator measurements, with those of the current KSS rating 
system for erodibility. He concludes that the nomograph results are more 
reliable than the KSS-rates, because the first proved to be positively cor-
related to the simulator results whereas the latter were not. 
Assessment of the soil erodibility of the major soil mapping units in 
the Coastal Uplands is given in Table 16. It fellows from Table 16, that 
soil erodibility in the Coastal Uplands is in general moderate or less . 
Strongly erodible soils are limited to most UO-units and scattered parts of 
the USK-and uss-units 
3.6.4 Topography 
Eros ion normally increases wi th increased slope steepness and slope 
length, as a result of enhanced velocity and volume of surface runoff. Be-
sides, on sloping land more soil is splashed downslope than upslope. 
Changes in slope gradient, smooth or abrupt, and also microtopography have 
a marked influence on surface runoff. The general effect of slope length 
and gradient has been subject of study by many authors and can therefore be 
computed and rated. 
During the mapping of the soils of the Coastal Uplands, slope steepness 
and average slope length have been recorded or estimated. Slope steepness 
has been indicated on the reconnaissance soil map (Appendix 1). Much land 
falls in classes A, B, or c (0-8%) . Parts of units USc, UO, UT and UL fall 
in classes DE and EF (up to 25%). The Mtomkuu Formation (UT) has a very 
high drainage density and thus comprises little land of slope class A or B. 
3 . 6.5 Vegetal cover 
It is generally recognized and accepted that the effect of vegetal cover 
overrules all ether factors causing erosion. The major rele of vegetation 
is the interception of rain drops. Their energy is dissipated by the plants 
rather than imparted to the soil. 
Vegetation that directly covers the soil reduces the velocity of surface 
runoff. Moreover, a root system, organic matter and biologica! activity in 
a vegetated area opens up the soil and increases its infiltration capacity. 
Hence, soil erodibility is reduced. 
If the land is put to agricultural use, it is of great importance that 
the erop cover is adequate in periods of sustained rainfall. In this res-
pect annual field crops such as maize and cowpeas are unfavourable compared 
to perennial crops such as cashew and to a lesser extent coconut . Cropping 
practices such as intercropping and 'multi-storey'- cropping as well as the 
application of e.g. straw and trash mulch may well reduce soil erosion. 
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The Kilifi Area is in genera! well covered by vegetation. About 50% of 
the Coastal Uplands is used for small scale farming with much secondary 
growth on fallow fields. Cultivated fields are small and trash of maize and 
other crops is often left on the surface . Grass, branches and stubbles are 
stacked up and burned, leaving the soil bare until the first rains. The 
most vulnerable period is in the time of land clearing just before the 
rainy seasons (March-April and August-september). Erosive rain may cause 
considerable erosion in this period. This hazard is limited in areas where 
the land is cultivated by hoe, but since tractor ploughing is becoming a 
common practice in parts of the survey area, resistance to erosion should 
be regarded as an increasingly relevant land quality. 
This holds especially true for the relatively fertile clayey soils of the 
strongly dissected Mtomkuu Formation (UT-units), where intensive cultivation 
of annual field crops takes place . 
Other factors increasing erosion hazard are the human and animal tracks 
in areas around villages, near wells and valleys . Overgrazing endangers the 
dryer northwestern and northern zones of the Coastal Uplands (Units USKf 
and UOc2p respectively). 
3.6.6 Conservation practices 
Practices such as contour ridging, contour ploughing, strip cropping and 
terrace construction are done to a limited extent. Old structures are often 
neglected. Yet, in places farmers put mulch on their fields as an anti-
erosion measure deliberately. Particularly in the high-hazard areas, con-
tour ploughing and other simple conservation practices possibly combined 
with the planting of leguminous crops and shrubs on contour ridges, strongly 
protects the soil, at the same time providing food, fodder and firewood. 
3.6.7 Crusting and compaction 
Other forms of land degradation that occur in the Kilifi Area are crust 
formation and compaction . The PO- and UO-soils (on Bay deposits) are quite 
vulnerable to this type of degradation . 
Crust formation and compaction are caused by rainsplash and overgrazing . 
The final stage is an area with a bare surface with a massive structure and 
no vegetation left . It was observed that surface porosity in such areas va-
ries from very high under isolated bushes to almost nil in exposed sites. 
These areas are important browsing grounds, so precautionary measures are 
necessary to avoid complete degradation . Moreover, there is a high danger 
of excessive surface run-off during rainstorms . 
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4 Land evaluation 
4.1 INTRODUCTION 
Land evaluation is the process of assessing land performance when used 
for specific purposes. It involves the execution and interpretation of sur-
veys and studies of landforms, soils, vegetation, climate and ether aspects 
of land in order to identify and compare promising kinds of land-use in 
terms applicable to the objectives of the evaluation (FAO, 1976). The socio-
economic context should indicate limitations to agricultural production from 
a non-physical viewpoint. Problem-oriented land evaluation studies can not 
be carried out without the integration of sociological and economie data. 
Consequently, a land evaluation is generally carried out in two stages, 
an ecological land evaluation followed by a socio-economie analysis; an ap-
proach which requires a multi-disciplinary evaluation team (Beek 1978). In 
this report, only the results of the ecological land evaluation are indi -
cated . 
An ecological land evaluation consists of the following main activities: 
Selection of land utilization types (LUTs) in relation to the physical, 
social and economie conditions of the area and according to the development 
objectives. The identification of LUTs forms the backbone of the land eval-
uation. The LUTs are characterized by " key attributes", which reflect bio-
logica! , socio-economie , technica! etc. aspects of the produetion environ-
ment that are relevant to the productive eapacity of a land unit (LU). The 
land evaluation of the Kilifi Area has been carried out for 17 LUTs (see 
Appendix 7), 9 of which are described in detail in Appendix 8). 
Determination of the requirements of the relevant land uses . 
Each erop has minimum needs to survive and higher needs to reach optimum 
production. A demanding erop has higher requirements than a less demanding 
erop and thus the land unit under consideration will show a lower suitabil-
ity for this erop. Requirements of crops are basically differentiated into 
physical , management and socio- economie requirements. 
Determination of land units and their land qualities/land characteristics 
Land units (LU) are areas possessing specified land qualities and land cha-
racteristics, which can be demarcated on a map (FAO, 1983). Each LU is an 
aggregation of one or more soil mapping units occurring in one Agro-ecolog-
ical zone and possessing the same land quality ratings. The correlation be-
tween LU and soil mapping units is indicated in Table 32. A map of LU's is 
given in Appendix 5G. Land characteri s tics are attributes of land that can 
be measured or estimated, e.g. slope gradient, soil depth, amount of rain-
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fall, width of a terrace, distance to a market. Land characteristics do not 
affect the suitability of land for a certain use in an indiscriminate way. 
Therefore, characteristics are mostly aggregated in such a way that the re-
sulting clusters (land qualities) cover basic requirements of land use and 
influence land suitability more or less independent of each other (e.g. 
moisture availability, nutrient availability) . Table 18 indicates the land 
qualities and associated land characteristics that have been recognized in 
this land evaluation. 
The process of matching and the land suitability classification. 
Comparison of the needs of a LUT (land use requirement) with the reality in 
the field (represented by rated land qualities) is commonly referred to as 
matching. It is the essential activity in land evaluation. The results of 
a matching procedure can be visualised as shown in Table 17. 
The suffices e, f, m, d refer to the land qualities that are most limiting. 
They are explained in Table 18. A table for all LU's and LUT's is presented 
in Appendix 7. The suitability classification comprises four asswned classes : 
(Sl) Ecologicallg highlg suitable: Land with no or slight limitations for 
the sustained cultivation of a given erop . Yields are 80 to 100% of the 
normative yields . 
(S2) Ecologicallg moderatelg suitable: Land with moderate limitations for 
the sustained cultivation of a given erop. Yields are only 40 to 80% of the 
normative yields. 
(S3) Ecologicallg poorly suitable: Land with severe limitations for the 
sustained cultivation of a given erop. Yields are only 20 to 40% of the 
normative yields. 
(N) Ecologicallg not suitable: Land having limitations which appear so 
severe as to preclude any possibility of successful sustained use for a 
given erop. Yields are below 20% of the normative yields. 
Table 23 gives normative yields for all LUTs. How these yields were esti-
mated is described in section 4.2.2. 
Comparison of development alternatives. This can be done when the land 
evaluation has been completed. A thorough socio-economie analysis, including 
future price development and politica! factors, should be carried out before 
development alternatives can be compared properly. 
This land evaluation refers to the 'present situation'. Any improvement 
Table 17. Suitability classification after matching of LU with LUT. 
Land units (LU) 
1 
2 
3 
Land utilization 
I II 
Sl S3e 
S2f S3f 
Nm S3d 
types {LUT) 
III 
Ne 
Nf 
Sl 
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Table 18. Land qualities and associated land characteristics. 
Suffix Land qualities 
m 
f 
d 
s 
p 
v/r 
fl 
e 
moisture availibility 
nutrient availibility 
drainage condition 
excess of salts 
- salinity 
- sodicity 
ease of cultivation 
possibilities for 
agricultural implements 
adequacy for root growth 
and tuber expansion: 
- swelling and shrinkage (v) 
- shallowness (r) 
flooding hazard 
resistance to erosion 
and physical land 
degradation 
Land characteristics 
agro-climatic subzone (rainfall and 
evapotranspiration) 
run-off 
groundwater (capillary rise ) 
soil moisture storage capacity 
organic carbon content 
phosphorus availibility 
potassium availibility 
pH-H2 0 
soil drainage class 
electrical conductivity 
exchangeable sodium percentage 
slope class 
surface stoniness/rockiness 
soil consistence 
vertic properties 
ef fective soil depth 
frequency of flooding 
soil texture 
slope class 
susceptibility to sealing and crus-
ting 
soil cover 
(fertilizer application, irrigation, erosion control) requires an adjustment 
of the suitablility rating in the respective tables in 3.5 and 3.6. It will 
mostly result in a different, more favourable, aggregate suitability clas-
sification than in Appendix 7. Example: application of fertilizer in unit 
UElml (LEU2) may raise suitability for sunflower from S2f to Sl. 
This land evaluation has a ecological basis. Translating the suitabil-
ities given in Appendix 7 into socio-economie entities may well show a dif-
ferent picture as regard expected successful enterprises for the farmer. 
No mention is made of suitabilities for different types of grasses, 
which may be in the interest of zero-grazing objectives, or sui tability for 
extensive grazing or browsing. Reference is made to Appendix 8 which des-
cribes this category of agricultural enterprises in more detai l . 
Intercropping systems are not rated as such. Normative yields from such 
systems should be estimated from the expectances for the individual crops, 
and adjusted for lower plant density. Possible positive or negative inter-
ferences between the different crops are t aken f o r granted. 
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4.2 LAND QUALITIES AND LAND-USE REQUIREMENTS 
In this section, a number of land qualities are dealt with. They are the 
aggregates of a number of land characteristic, as is shown in Table 18. 
In Table 18 only diagnostic land qualities and characteristics have been 
given. Land qualities such as "climatic hazards affecting plant growth" or 
"pests and diseases" have not been used in the suitability classification 
as they are not easily quantified. This does not imply that they may not be 
important causes of yield reduction. 
Two land qualities are recognized as the major environmental limitations 
to erop production in the Kilifi area : 
moisture availibility, 
nutrient availibility . 
The combination of values of the individual water balance factors gives 
the rating for the land quality "moisture availibility" (sections 1.2.4 and 
4.2.1) . The Kilifi Area is agro-climatically constituted by zones III, IV 
and V (Appendix 2), which refer to a transitional zone between semi-arid 
and subhumid regions . 
Apart from moisture stress, low soil fertility seriously hampers satis-
factory erop development in extensive parts of the Kilifi Area (section 3.5). 
This arises from the land quality "nutrient availibility" (section 4.2.2). 
4.2.1 Moisture availabilitg 
4.2.1.1 Growing period as diagnostic factor for moisture availability 
If fertilizers are applied yields increase until another land quality , 
mostly moisture availabili ty, becomes limi ting. 'Moisture availabili ty 
plays a vita! role in evaluations within a broad climatic range extending 
from mean annual rainfall of about 1200 mm down to the climatic limit of 
cultivation. It is also significant for cultivation of perennials in areas 
with a substantial dry season' (FAO, 1983). Since both statements apply to 
the Kilifi Area, moisture availability should be considered a land quality 
of the utmost importance. 
In previous KSS soil survey reports climatic and soil factors were 
evaluated individually with respect to the land quality moisture availabil·-
ity. Since they can offset each other, integration of the two factors is to 
be preferred. such an integration is, to some extent, provided by the com-
puter model of Jätzold & Schmidt (1982/ 3), who calculated lengths of the 
growing period exceeded in 6 out of 10 years (60% reliability). The cal-
culation or estimation of the individual water balance factors enabled them 
to establish agro-ecological zones and subzones (Figure 12). 
The classes of lengths of growing periods, which in genera! consist of 
20-day intervals a re given in Table 5 . Assuming that no other land quality 
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is limiting erop production rather than moisture availability, the authors 
predict yield probabilities for a variety of crops. The leading parameter 
for this purpose is the actual water supply, i.e. the ratio bet ween (rain-
fall + stored soil moisture) and the potential erop water requirements 
(evapotranspiration) for each decade . 
The thus measured effects of water stress on yields lead to the classi-
fication of yield probabilities in relation to previously set normative 
yields: 
Class Sl 
Class S2 
Class S3 
Class N 
For maize 
at least 80% of normative yields (good yield potential), 
40-80% of normative yield (fair yield potential), 
20-40% of normative yield (poor yield potential), 
less than 20% of normative yield (not suitable) . 
(Coast Composite) the normative yield is e.g. 3000 kg/ha. 
The classes approximately coincide with classes given by Jätzold & 
Schmidt (1982/3), to which the terminology in parenthesi s refers. 
4.2.1.2 Matching land qu ality and land-use requirements 
Figure 37 shows the flow chart indicating the subsequent steps in eval-
uating moisture availability . Down to 'tentative suitability classification' 
the calculations were made by Jätzold & Schmidt (1983). The land quality 
moisture availability for a given land mapping unit is given as an agro-
ecological subzone, expressed in terms of length of growing period (days). 
These subzones are constituted by: 
effective rainfall totals (10-day periods), 
(Penman) reference evaporation totals , 
an assumed soil moisture storage capacity of 15 mm/ 10 cm referring to a 
mediurn-textured soil (Jätzold & Kutsch, 1982). 
After generalizing Jätzold & Schmidt's maps, six subzones are remaining 
in the Kilifi Area: two at the coast and four in the hinterland (see Fig. 12 
and Table 5). The land units to which they belong have been listed in Table: 
The land-use requirements are constituted by: 
land utilization type, in this section treated as one or more erop varie-
ties, 
potential evapotranspiration, modified by erop coefficients (kc- values); 
these coefficients represent the ratio between potential erop evapotrans-
piration and reference evaporation for a soil-covering annual erop during 
the different stages <initial, Eeak, ~aturity) of the growth cycle: 
kc (i) = 0.4, kc (p) = 1.0, kc (m) = 0 . 4; potential erop evapotranspiration 
is assumed to express the water requirements of a erop that does not suffer 
from water stress; erop water requirements are given in Jätzold & Schmidt 
(1982), 
root volume, which is fixed at 60 cm; consequently, actual storage ca-
pacity is considered to equal 90 mm (6 x 15); no mention is made of the 
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LAND 
1 
LAND UNIT 
1 
LAPD QVALITY 
1 
Moisture availability of 
agro-ecological subzones, 
a function of 
- rainf all 
- evaporation 
- moisture storage capacity 
(fixed at 90 mm for most soils) 
1 
expressed in terms of 
length of growing period 
(days, exceeded in 6 out 
of 10 years) 
LAND VSE 
1 
LAND UTILIZATION TYPE 
1 
LAND VSE REQUIREMENT 
.1 Mo1sture requirements of 
erop varieties, 
a function of 
- potential evapotranspiration 
(kc/i, kc/p, kc/m) 
- root volume 
fixed at 60 cm) 
1 
expressed in terms of 
length of growing period 
(days, exceeded 
of 10 years) 
in 6 out 
~/ 
= runof f 
= groundwater 
= measured moisture 
storage capacity 
MATCHING 
1 
TENTATIVE SUITABILITY CLASSIFICATION 
(Jätzold & Schmidt, 1983) 
1 
Water balance 
modifications 
Kilifi Area 
1 
LAND QUALITY 
Moisture availability 
expressed in terms of 
modified length of growing period 
(days, exceeded in 6 out of 10 years) 
1 
FINAL 
SUITABILITY 
CLASSIFICATION (this report) 
Fig. 37. Flowchart for evaluation of moisture availability in terms of length of growing 
period 
depth to which perennial crops withdraw soil moisture; if the figure of 
60 cm has also been applied, it has caused an underestimation of length of 
growing period for this category of crops. 
The matching procedure, which is the step following the quantification 
of land quality and land use requirements involves their comparison and 
leads to a first tentative suitability classification (Table 19). The de-
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Tabl e 19. Tentat ive sui t ability classification with respect to moisture (partly adapted f rom Jätzold & Schmidt 1983) . 
Agro-ecological Start of growing Crops 
subzone periods (5) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
CL 3 m/l i Mar 21-31 Sl Sl - S2 Sl Sl Sl S2 - Sl S2 S2 Sl Sl S2 S2 Sl 
CL 3 mi 8s/vs) Apr. 11-20 Sl Sl - S2 Sl Sl Sl Sl - Sl S2 S2 Sl S2 S2 Sl Sl 
Oct. 11- 20 S3 S2 - - - S2 S3 - - - - S2 
CL4 mi Apr. 1-10 Sl Sl - S2 Sl Sl S2 S2 - Sl S2 S2 S2 Sl S3 S2 Sl 
CL 4 m/ si (vs) Mar. 21-31 S2 Sl - S3 S2 Sl Sl Sl - Sl* S2 Sl S2 S2 S3 Sl Sl 
Oct. 21 - 31 S3 S3* - - - S3 S3 - S3 - - S2 
CL 4 s i (vs) Apr. 11-20 S2 Sl* Sl* N S2 S2 Sl S2 Sl Sl* S3 S2 S2 S3 N 52 Sl 
Oct. 21-20 S3 - S2* - - S3 - - S3 - - S2 
CL 5 s/vs i (vs) Apr. 11-20 N Sl * Sl* N S2 N S2 S3 S2 S2* N S3 S3 N N N S2 
Okt. 21- 31 - - S3* -
Cro~ 
1 maize (Coast Composite) 9 green gram 
2 sorghum 10 sunflower 
3 millet 11 cotton 
4 rice (not irrigated) 12 sesame 
5 cassava 13 vegetables 
6 sweet potato 14 cashewnut 
7 cowpea 15 coconut 
8 french beans 16 pineapple 
18 sisal 
Remarks : 
* indicator early maturing varieties 
An Sl -maize yield is 2400-3000 kg/ ha . Normative yields for other crops are given in Table 23 
Vegetables comprise: tomato , cucumber, eggplant, melon, onion, okra, pepper , cabbages, pumpkin . 
Cowpea, french beans, greengram and sesame are mostly intercropped or relaycropped with maize. 
cade in which the growing period starts has also been given in this table, 
which is adapted from Jätzold & Schmidt (1983). 
4.2 . 1.3 Water-balance modifications for the Kilifi Area 
In the model by Jätzold & Schmidt, the impact of some factors of the water 
balance, such as runoff, groundwater and differences in soil moisture storage 
capacity, has been simplified. 
'Effective' rainfall is considered to amount 90% of total rainfall. Los-
ses through runoff are believed to be eliminated by anti-erosion control. 
As this assumption is not yet realistic with regard to the prevailing low 
input conditions in the Kilifi Area, runoff has been treated as a water ba-
lance factor that influences the length of the growing period in the fol-
lowing way: 
if slope class is BC or 
if slope class is CD or 
if slope class is DE or 
C: length of growing 
D: length of growing 
EF: length of growing 
period is reduced by 5%, 
period is reduced by 10%, 
period is reduced by 20%. 
For soil mapping units belonging to major units UO, UT and PO, the length 
of the growing period is reduced by another 5% if slope class exceeds A. 
The soils involved have a low infiltration capacity. 
Capillary rise from groundwater into the rooting zone is a moisture 
source of significance in some soil mapping units. 
The growing period for these units is extended as fellows: 
soil mapping units UT2c4, P2El3, P2Ec: 10% extension, 
soil mapping units AAc, VXC, BAcl, BAc2: 20% extension. 
Jätzold & Schmidt (1983) use a standard soil moisture storage capacity 
in their model. Storage capacity refers to water retained between suctions 
that coincide with pF-values 2.3 and 4.2. A medium-textured soil has a 
storage capacity of 15 mm/10 cm . Since the authors consider a soil depth of 
60 cm (assuming that 80% of the root complex of an annual erop has devel-
oped down to this depth within 6 decades), the standard soil stores 6 x 15 
.= 90 mm. It is unnecessary to use this simplification for the Kilifi Area. 
The fixed amount of 90 mm proved high for most soils. 
In Table 20 the measured soil moisture storage capacities are given. It 
should be stressed that a erop in a wetter zone (CL 3) benefits from a high 
storage capacity rather than a erop in a drier zone (CL 5) does. In the 
latter case, the precipitation surplus is often limited and high storage 
capacities will only occasionnally be saturated. Determination of pF-values 
in clayey soils f aces problems of swelling and shrinkage which is not in 
line with the fundamentals (constant volume) . 
The final column of Table 20 shows the adjusted lenghts of the growing 
period . It ranges between +10 days (units UT, PlO) and -20 days (units UE, 
P2Em). 
To calculate the overall modification of the length of the growing pe-
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Table 20. Actual soil moist~re-storage capacity (pF 2.3-4.2) in the 
upper 60 cm of the soils of the Kilifi Area and its influence on the 
length of growing periods. 
Clusters of Soil moisture Evapotranspiration Modification of 
soil mapping storage capacity rate (mm/d) 1 growing period 
units (mm/60 cm soil depth) (days) 
USK 60- 75 3.0 -10 to-5 
USs 40- 50 3.0 -17 to-13 
usc 50- 80 3.0 -13 to-3 
ULc 70- 90 3.0 -7 to-0 
UOc 60-100 3.0 -10 to+3 
UT 90-120 3.0 0 to+lO 
UE 40- 60 2.5 -20 to-12 
PO 100-120 3.0 +3 to+lO 
P2Em 40- 70 2.5 -20 to-8 
P2El 50- 70 2.5 -16 to-8 
P2Ll 50- 70 2.5 -16 to-8 
BA 70- 90 3.0 -7 to 0 
DE 80-100 2.5 -4 to+4 
1 Daily evaporation is set at 6 mm for the Hinterland, and at 5 mm for 
the Coast; thus, if kc is assumed to amount 0.5, ET is 3.0 and 2.5 
mm/day respectively. Jätzold & Schmidt (1983) use 90 mm as a standard 
soil moisture storage capacity, which coincides with 30 and 36 days 
respectively at the suggested evapotransporation rates. 
Table 21. Examples of how to calculate modif ied length of growing period. 
~oil map- Modification factors Overall 
ping unit modification 
runof f 1 groundwater 1 storage2 (days) 
USs l/BC - 5%(=5 days) 0% -17 to-13 days -22 to-18 
UT2clP/CD -15%(=20-25 days) 0% 0 to+lO days -15 to-10 
P2El3/AB 0% +10%(=15 days) -16 to-8 days -1 to+7 
UT2c4/A 0% +10%(=15 days) 0 to+lO days +15 to+25 
BAcl/A 0% +20%(=30 days) -7 to 0 days +20 to+27 
1 
2 
Conversion from percentages into days depends on agro-climatic subzone. 
Data calculated in Table 20. 
riod per soil mapping unit, the previous data have to be put together. 
The overall modification for some units is shown in Table 21. A concise 
list of growing period modifications is given in Table 31 . They only apply 
to the first rains as the second rains nowhere last long enough to make use-
ful modifications. 
4.2.1.4 Final suitability classification with respect to moisture avail-
ability 
The difference between t h e tentative and the final suitability classi-
fication can now be calculated, for each land unit. The overall modifica-
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tions are added to the particular agro-ecological subzone. This combination 
represents the land quality "moisture availability" and is as such given 
for each land unit in Table 31. 
4 . . 2.2 Nutrient availability 
In order to match the land quality "nutrient availability" and the land 
use requirements, one must know the nutrient availability in the soil and 
the nutrient requirements of the crops. 
The potential amounts of nutrients that can be supplied by the soil 
during six months was set equal to the amount of nutrients withdrawn by 
maize during one cropping season. Table 22 shows the one-season potential 
nutrient supplies. 
The nutrient requirements of crops depend on the yield that can be ob-
tained. Therefore one must know the magnitude of the expected yield. For 
that purpose "normative yields" were defined for the major crops in the 
Kilifi Area. For maize, 3000 kg/ha per growing season is considered nor-
mative (Coast Composite). This is half the yield that was considered nor-
mative in the Kisii area (Guiking et al., 1982). 
For other crops than maize, normative yields were set at half the values 
mentioned for Kisii as well (Table 23). Data for cashewnut, coconut, simsim 
and rice (crops not grown in Kisii) were collected and adapted from Acland 
(1971), Floor (1980), De Geus (1973) and Purseglove (1968, 1972). These 
yields will be attained in monocropping and not in multiple cropping sys-
tems, e.g. maize under coconut seldom yields more than 1.5 tons/ha, even if 
fertilizers are being applied. 
In order to match nutrient supply and nutrient requirements, an equally 
long period should be considered: the growing period of maize. Thus, re-
quirements of crops growing longer or shorter than maize were adjusted to 
"one season requirements" by dividing the growing season durations of the 
two crops (Guiking et al., 1982). For perennial crops the "one season re-
quirement" was assumed to be 0 .5 times the annual requirement. 
Crops were divided into three groups, according to their one season nu-
Table 22. Potential one season nutrient supply and corresponding maize 
yields for the soil fertility classes according to the QUEFTS system . 
Soil fertility Nutrient supply (kg/ha) Maize grain yield (tons/ha) 
class (12% moisture) 
N p K 
c 65 10 85 2.5 
D 35 7 60 1.4 
El 25 8 40 1.0 
E2 20 5 30 0 . 7 
E3 10 3 20 0.4 
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Table 23 . Normative yields of marketable product (kg/ha) and estimated 
nutrient requirements fora growing season (kg/ha). erops are arranged 
in the order of N requirement. 
erop erop Normative Nutrient requirements 
group yield 
N p K 
I cashewnut 750 20 4 20 
coconut 2 soo 1 20 4 25 
vegetables2) 5 000 20 6 30 
sisal 10 0003 25 3 35 
millet 750 25 6 20 
simsim 500 25 7 30 
cowpea/green gram 500 5 2s 6 7 35 
II sunflower 7504 35 5 35 
cassava 15 000 35 8 70 
pineapple 20 000 40 4 70 
rice 2 000 40 6 60 
sweet potato 8 000 40 7 65 
!II french beans 2 000 5 50 6 12 70 
cotton 600 4 55 9 50 
sorghum 2 250 60 8 55 
maize 3 000 75 12 70 
1 nuts per ha . , 2 egg-plant, cumcumber, squash, pumpkin, 3 leaves, 4 seeds , 
5 pulses, 6 N absorbed from soil . 
Table 24 . 5uitability rating with respect to nutrient availability without 
fertilizer application; maximum yield is 51: > 80%, 52: 40-80%; 53: 20-40% 
and N < 20% of the normative yields mentioned in Table 23. 
erop group 
5oil fertility class I II !II 
e 51 51 51 
D 51 51 52 
El 51 52 53 
E2 51 52 53 
E3 52 53 N 
trients requirements. Since nitrogen is the major limiting nutrient (sec-
tion 3. 5), N requirement forms the main cri terion for this division 
(Table 23). Moreover, the nutrient availabili ty of the soil fertili ty 
classes (QUEFTS system, Table 22) was evaluated for the three erop groups 
(Table 24). It should be stressed that this classification holds for crops 
receiving no fertilizers and no organic manure. 
Recovery of fertilizer nutrients were rather low (about 25% for N and 
about 7% for P) . Because also the price ratios of food crops and fertil-
izers are rather low, fertilizer application wil! often not pay. This se-
verely hampers improvement of agricultural production. 
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Table 25. 5uitability rating with respect to the land quality "drainage 
condition". 
5oil drainage Drainage requirement groups 
rice other crops Table 31 
well - excessive 53-N 51 do 
moderately well 52 51 dl imperfect 51 52 d2 po or 51 53 d3 
very poor - waterlogged 51 N d4 
4.2.3 Drainage conditions 
Impeded drainage hampers proper erop development. The influx and efflux 
of gases (oxygen, carbon dioxide) is essential to almost every erop and 
must proceed uninterrupted. erop drainage requirements are given in Table 25, 
which moreover shows the suitability rating with respect to the land qtial-
ity drainage condition. Soil drainage class is the only land characteristic 
applied in the suitability determination. 
Rice is an exceptional erop with respect to drainage requirements. lts 
aerenchyma cells in the stem make the plant well adapted to wet conditions. 
For ether crops, soil aeration is a strict requirement. 
The soil drainage class is listed for each land unit (Table 31). Since 
the majority of the soils of the Kilifi Area is well to excessively drained 
or moderately well drained, "drainage condition" is only limiting in small 
areas. Rice, on the ether hand, is best grown on imperfectly or poorly to 
very poorly drained soils. 
4.2.4 Excess of salts 
Salinity of soil and water is expressed in terms of electrical conduc-
tivity (ECE). Sodicity is measured by calculation of the relative amount of 
exchangeable sodium (Na) at the exchange complex: the exchangeable sodium 
percentage (ESP) . 
"Tolerance to excess of salts" is the erop requirement in the matching 
process. Three tolerance groups were recognized. In Table 26, they are 
matched against the land quality "excess of salts". 
The column "excess of salts" in Table 31 shows that only a restricted 
number of land units experience salinity and/or sodicity problems. The 
soils of the UT-units have sodic subsurface horizons in places, whereas the 
soils of the UO- and PlO-units and BAc3, which have developed from bay se-
diments, show more serieus salinization. Only leaching and improved drainage 
might alleviate salt problems here, unlike in the TA-units, where high salt 
concentrations are maintained through periodical flooding by salt seawater. 
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Table 26. Suitability rating with respect to the land quality "excess 
of salts". 
Salinity/sodicity class Salt tolerance groups 
0-30 cm 30-100 cm 
S-I S-II S-III Table 31 
ECe ESP ECe ESP 
< 2 < 6 2-4 6-15 Sl Sl 52 xl 
2-4 6-15 4-8 15-40 Sl S2 53 x2 
4-8 15-40 8-15 15-40 S2 S3 N x3 
> 8 > 40 any any S3-N N N x4 
cotton, coconut S-I 
S-II 
S-III: 
maize, sorghum, rice, sunflower, sweet potato, pineapple 
simsim, millet, vegetables, cassava, cowpea , greengram, french 
beans, cashewnut, sisal. 
Table 27 . Landquality "Ease of cultivation": rating of the separate 
land characteristics. 
Rating 
1 
2 
3 
4 
Slope class 
and gradient 
ABC < 8% 
CD 8-16% 
DE 16-30% 
F 30-70% 
Surface 
stoniness/rockiness 
non-stony/rocky 
fairly stony/rocky 
stony/rocky 
Soil 
consistence 
loose 
very friable 
friable/slightly sticky 
(very) firm/(very)sticky 
and (very) plastic 
4.2.5 Ease of cultivation and possibilities for agricultural implements 
4 . 2.5.1 Manual cultivation 
Three land characteristics have been used to assess the workability of 
soils by hoe (Braun & Van de Weg, 1977) : slope class, surface stoniness/ 
rockiness and soil consistence (moist and wet). Their rating is given in 
Table 27. 
Extensive parts of the Kilifi Area rank consistence class 4, which also 
implies high labeur requirements if tillage is done manually. Oxen are hard-
ly used as a means of draught power . 
4.2.5 . 2 Mechanical cultivation 
Tillage efforts can be alleviated by using mechanica! draught power. 
This particularly applies to soils with a high "consistence" rating (UT-
units), but not to soils with a high "slope gradient" (HSK- , VXA- units) or 
a high "surface stoniness/rockiness" (ULcl, P2LllP) rating . The soils of 
the UT-units have the most difficult tillage properties, notably when they 
are either very wet or very dry . Therefore, it is not surprising that trac-
134 
Table 28 . 5uitability rating with respect to the land quality "ease of 
cultivation possibilities for agricultural implements for annual crops" . 
Rating Slope gradient 
hand mech. 
1 51 51 
2 51 52 
3 51 53 
4 52 N 
5urface stoniness/ 5oil consistence Table 31 
rockiness 
hand mech. hand mech. 
51 51 51 51 Pl 
51 52 51 51 P2 
51 53 51 51 P3 
52 51 P4 
tor ploughing has become a common feature in this part of the Kilifi Area. 
Table 28 shows the suitability classification with respect to the land 
quality 'ease of cultivation and possibilities for agricultural impl ements'. 
It is assumed that all annual crops have similar requirements. The most 
limiting land characteristic determines the rating of the aggregate land 
quality, e . g.: 
combination 
1-1-4 
2-3-4 
2-1-3 
hand 
S2p 
S2p 
Sl 
mech 
Sl 
S3p 
S2p 
In the land evaluation key, the land quality is given the suffix p. 
In the examples ease of cultivation (manually) keeps out S2 because of soil 
consistence. Ease of cultivation (mechanically) varies between Sl and 53 
because of the topography and stoniness/rockiness limitations. 
4.2.6 Adequacg of root growth and tuber expansion 
Tree crops and tuber crops can not grow satisfactorily in case certain 
adverse physical properties prevail: swelling and shrinkage and shall owness. 
Soils that are classified as Vertisols and vertic Cambisols and Luvisols· 
are very sticky and plastic clay soils, containing over 35% clay and over 
50% of 2 : 1 expanding clay minerals, which causes severe swelling and shrink-
age. The soils of the UT-units have most pronounced swelling properties . In 
Appendix 7, tuber crops and treecrops rank S3v if the soil has vertic prop-
erties . 
Few soils are shallow over rock and do not allow adequate root or tuber 
development. Shallowness occurs in units HX2C, ULcl (small parts), UT2c3P, 
UT2C (partly) and P2LllP. A 'planic ' contact as occurs in the soils of units 
PlOf and PlOl (partly) and BAc3 is also considered 'shallowness' . 
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In Table 31, shallowness is indicated by suffix r (rooting impediment). 
Tuber crops and tree-crops are downgraded to S3r if shallowness occurs. 
4.2.7 Flooding hazard 
The AA-, vx-, BA- and TA-units and occasionally units P2El3 and P2Ec 
suffer from more or less temporary flooding. In Tabel 31, flooding hazard 
has been indicated by the suffix "fl" in case the land quality is considered 
relevant . 
4.2.8 Resistance to eros ion and phgsical land degradation 
The susceptibility of the different parts of the Kilifi Area to sheet, 
rill and gully erosion has been visualized in Appendix SE . This suscepti-
bility refers to bare soil. In the land quality rating, however, 'resis-
tance' against erosion involves climate type, texture profile, slope class, 
susceptibility to surface sealing and crusting, and soil cover . As many 
parts of the survey area are permanently covered by tree crops, mainly ca-
shewnut or coconut trees, it is not realistic to evaluate these areas as if 
Table 29 . Land characteristics involved in the suitability rati ng of 
the land quality "resistance to erosion and land degradation" . 
Rating Climate type 
(Braun in 
Michieka et 
al., 1978) 
0 III , IV,V 
1 
2 
3 
4 
5 
Texture profile* 
(F.C .C. -termino-
logy of section 
3.5.3) 
s 
SL ,L, C1 
C2 ,SC , LC,C ' ,CR 
C'R , LR 
Slope class 
(App . l) 
A 
AB,B 
BC , C 
CD 
DE 
EF 
Sus c . to sea l i ng 
and crusting 
none 
slight to mode rate 
seve re 
* C1 : kaolinitic clays; C2 : i llitic and montmorillonitic clays; 
S : sand; L: loam; SL: sand over loam ; C'R: gravelly clay over rock . 
Table 30 . Suitability rating with respect to the land qual i ty 
"resistance to erosion and land degradation". 
Swn of Soil cover class Table 31 
ratings 
<20% 20-70% >70% 
0-2 s 1 s 1 s 1 
3 s 2 s 2 s 1 
4 s 2 s 2 s 2 
5 s 3 s 2 s 2 
6-7 N s 3 s 3 
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Table 31. Land units and their land quality ratings. 
Land 
unit 
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
?.l 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
moisture 
availability 
(m) 
nutrient drainage 
availability conditions 
(f) (d) 
CL3m/li -0/-lOdays 
CL3m/li -15/35days 
CL3m/li -15days 
CL3m/li -Odays 
CL3m/li+CL4mi -0/-5days 
CL3m/li+CL4mi +++days 
CL4mi +20days 
CL4mi -0/-20days 
CL4mi -15/-35days 
CL4mi -15days 
CL3mi (s/vs)-5/-10 days 
CL3mi(s/vs) -10/-20days 
CL3mi(s/vs)+ 
CL4m/si(vs) -10-20days 
CL3mi(s/vs)+ 
CL4m/si(vs) -10/-30days 
CL4m/si(vs) -10/-20days 
CL4m/si(vs) -5/-15days 
CL4m/si(vs) -10/-20days 
CL4m/si(vs) -10/-20days 
CL4m/si(vs)+ 
Cl- C2 
El-E2 
E3 
IU-E2 
El-E2 
n . d. 
Cl-C2 
Cl-C2 
El-E2 
E2-E3 
02 
03-El 
03-E3 
E3 
Cl-C2 
02 
03-El 
E2 
CL4si(vs) -10/-20days E2 
CL4m/si(vs) -20days E3 
CL4si(vs) -20days E3 
CL4si(vs) +Sdays El 
CL4si(vs) -lOdays El 
CL4si(vs)+ 
CL5 s/vsi(vs) -lOdays 
CL5s/vsi(vs) +5days 
CL5s/vsi(vs) -lOdays 
CL5s/vsi(vs) -lOdays 
CL5s/vsi(vs) -20days 
variable 
variable 
variable 
CL3mi(s/vs)+ 
CL4m/si(vs) -30days 
CL4mi+ 
CL4m/si(vs) -5/-15days 
El 
El 
03 
El 
E3 
n.d . 
n.d . 
E2 
n.d. 
n.d . 
0-2 
0 
0 
2-3 
0-2 
2-4 
2-3 
0-2 
0 
0 
0 
0 
0-2 
0-2 
0-2 
0 
0 
0 
0-2 
0 
0 
0-2 
0 
2-3 
0-2 
0-2 
0 
0 
0-3 
0-3 
0-3 
0-2 
0-2 
excess. 
of salts 
(x) 
0-1 
0 
0 
0 
0 
4 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
3 
0 
0 
2-3 
0 
3 
2-3 
0 
0 
0 
0-1 
1 
l 
0 
n.d. 
ease of 
cultv. 
(p) 
4 
3 
3 
3-4 
3-4 
4 
4 
4 
3 
3 
3-4 
2-3 
2-4 
2-4 
4 
3 
2-3 
2-3 
4 
l 
1-2 
3 
l 
3 
3 
2-3 
1-2 
l 
4 
4 
2-4 
4 
0-4 
swelling/ 
shrinkage 
(v) 
+ 
+ 
+ 
+ 
(+) 
+ 
(+) 
(+) 
(+) 
shallow-
ness 
(r) 
+ 
+ 
+ 
(+) 
(+) 
(+) 
+ 
+ 
+ 
(+) 
flooding 
hazard 
(fl) 
(+) 
+ 
(+) 
+ 
+ 
+ 
resist. 
to 
eros ion 
and 
land 
degrad. 
(e) 
l 
0-1 
0 
0 
0 
0 
0 
1-2 
0-1 
0 
0 
0-1 
0-1 
1-2 
1-2 
0-1 
0-1 
0 
1-2 
1-0 
0 
1 
0 
0 
1 
1 
0-1 
0 
0 
2 
0 
2 
1 
Note: Land units 8, 14, 15, 19 are named 8e, 14e, 15e, 19e in case "resistance to erosion and physical land degradation" 
ranks 2 (see also Appendix 7). 
they were bare. The basis for the suitability rating is given in Table 29. 
The suitability classification with respect to resistance to erosion and 
physical land degradation is shown in Table 30. 
From Table 29, it can be derived that climate type is not diagnostic. 
Therefore, texture profile and slope class determine the final suitability 
in the first place. Susceptibility to sealing and crusting is used as a 
modification. 
The combined impact of these three land characteristics is ultimately 
rated for three soil cover classes: <20%, 20-70%, >70% Table 30. 
Suitability is downgraded by one class if the land mapping unit shows sus-
ceptibility to sealing and crusting class 2. 
In Table 31, resistance to erosion and physical land degradation has 
only been indicated for the two lowest classes (sum of ratings 5, 6 or 7). 
It is believed that this land quality, which in part depends on the level 
of management, should not be quantitatively evaluated at the same level of 
detail with moisture and nutrient availability. These qualities have a more 
direct and measurable effect on erop performance. 
In section 3.1 and 3.2 resistance to erosion and physical land degrada-
tion is stressed if appropriate. 
Table 32. Correlation of soil mapping units and land-evalua-
tion units . 
SMU LU 
HSKC 32 
HXlC 32 
HX2C 32 
USKf 23 27 
USKAl 12 17 
USKA2 26 
USsl 20 28 
USs2p 14 28 
USs3 21 28 
US lp 14 
US cl 14 
USc2 14 
ULcl 11 16 
ULc2 11 16 
UOf 12 17 
UOl 13 
UOcl 13 
UOc2p 19 
UTlc 33 
UT2clp 1 8 
UT2c2p 1 15 
UT2c3P 8 
UT2c4 1 7 
UT2C 1 8 
UElml 2 
UElm2 9 
UElll 2 9 
UE112 2 9 
UE2f 9 18 
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SMU 
UE21 
PlOf 
PlOl 
PlOf-PlOl 
P2WA 
P2Eml 
P2Em2 
P2Em3 
P2Em4 
P2Ell 
P2El2 
P2E13 
P2Ec 
P2Ell-P2El3 
P2Ll1P 
P2Ll2p 
P2Lcp 
AAx 
AAc 
VXA 
vxc 
BAcl 
BAc2 
15 BAc3 
BAcl -BAc2 
TAx 
TAc 
TAo 
DEI 
DE2 
LU 
9 
22 
22 
22 
33 
2 
2 
2 
2 
2 
2 
5 
4 
2 
3 
2 
10 
29 
29 
30 
30 
31 
31 
24 
31 
6 
6 
6 
2 
2 
18 
25 
25 
25 
9 
9 
9 
9 
9 
5 
10 
9 
9 
9 
4.3 SUITABILITY CLASSIFICATION 
4.3.1 Description of land units 
The soil mapping units can be grouped according to their potential for 
specific land uses. The resulting clusters, referred to as land units, have 
similar or practically similar land quality ratings, as shown in Table 31. 
A total of 33 land units were recognized. In this section the land units 
are described briefly. 
Table 32 gives a correlation for soil mapping units (Appendix 1) and 
land units (Appendix 7). Many soil mapping units occur in more than one 
land unit. 
LU l 
Favourable moisture conditions and soil fertility status put maize, sorghum 
and sunflower in suitability class Sl. Restricted drainage and slight sodi-
city are minor causes of yield reduction. Because of vertic properties, tu-
ber crops and treecrops were given the rating S3v. Rice ranks S2 in the nar-
row valleybottoms (Fig. 38). Resistance to erosion is moderate (e1 ) and man-
ual land preparation is quite laborious. 
Fig. 38. In the valleys around Kaloleni, rice is grown. Usually yields of maize under cocos-
palms are low because of competition for light, water and nutrients . Kaloleni, July 1984 
(photo H. Waaijenberg) . 
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Fig. 39. Maize, rice (valley bottom) and cocospalm. Chilulu, about 5 km north-east of 
Kaloleni, mid 1982 (photo H. Waaijenberg). 
LU 2 
Many soil mapping units are grouped in LU 2 (Fig. 39). Soil fertility is 
the major yield- limiting factor for most annual crops: cassava, sweet po-
tato and sunflower rank S2f, maize, sorghum, beans and cotton rank S3f . 
Treecrops with low nutrient requirements rank high (cashew: Sl) or rank 
lower because of moisture stress (coconut: S3m). Moderate resistance to 
erosion should be reckoned with when slope class CD prevails. 
LU 3 
Shallowness requires adjustments for unit P2LllP : tuber crops and treecrop s 
are rated S3r. 
LU 4 
Impeded drainage seriously restricts satisfactory growth of most crops. 
Only rice and s i msim rank S2 , the other crops are in 53 throughout. 
LU 5 
This LU can in principle be compared to LU 2, but the modifications to the 
agro-ecological subzones are more favourable for LU 5. 
Cowpea , vegetables and coconut rank one class higher, the other crops re-
main in the same class. Rice is upgraded from Nd to S2m, which is only 
applicable to the imperfectly drained soils of LUS (if d ranks 2 ) . 
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LV 6 
The soils of the tidal swarnps are prone to high salinity, precluding satis-
factory growth of any erop . 
LV 7 
Imperfectly to poorly drained soils: Sl for rice, S2d for sorghum, S3d for 
all other crops, except cashew and coconut (Nd). 
LV 8 
Suitability for the various crops is similar to the suitabilities given for 
LU 1 . Resistance to erosion is low in unit UT 2C, slope class CE and moder-
ate in the other units. In the UT2c3P-units, shallowness may be limiting 
erop performance rather than vertic properties (r instead of v-suffix). 
LV Be 
Annual crops Ne, perennial crops S3e ("erosion" ranks class 2). 
LV 9 
The somewhat drier equivalent of LU 2 shows s imilar suitabilities except 
for cashew, which is downgraded to S2m . Moderate resistance to erosion 
should be reckoned wi th when slope class CD prevails. 
Shallowness (P2LlP) and vertic properties (P2Lcp) harnper optimal growth of 
tuber crops and tree crops (S3r and S3v respectively) . 
LV 11 
A number of crops rank Sl in this LU: cassava, sweet potato, cowpea, sun-
flower, vegetables, pineapple and sisal. Suboptimal moisture or fertility 
status puts arnong others maize, sorghum, beans, cashew and coconut in class 
S2. In the second rains, reasonable yields can be expected from sorghum, 
sweet potato, green gram and simsim (S2). 
Lu lle 
Slope class EF gives rise to suitability classes S3e for perennial crops 
and NE for annual crops . 
LV 12 
Lower fertility status than LU 11 downgrades cassava, sweet potato and sun-
flower to S2f. Maize and sorghum are marginal (S3f), but low nutrient re-
quirement crops such as cowpea and simsim still rank Sl. Moisture limita-
tion puts cashew in S2m and coconut in S3m. Sweet potato and simsim give 
reasonable yields in the second rains (S2). Moderate resistance to erosion 
should be reckoned with in soil mapping unit USKl, slope class CD. 
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LU 13 
Suitability has been established for fertility class E 3, which resulted in 
many S2f and S3f ratings. The treecrops are exceptions: cashew and coco-
nut rank S2m . If fertility class D 3 prevails, suitability for many crops 
ranks higher. Moderate resistance to erosion should be reckoned with in 
soil mapping unit UOl, slope class BC. 
LV 14 
Very low soil fertility turns cultivation of maize, sorghum and even cas-
sava into marginal enterprises if no fertilizers are applied . The S2-crops 
for this LU are millet, cowpea , green gram, simsim, vegetables and cashew. 
Millet, cowpea and simsim can even give an S2-yield in the second rains . 
LU 14e 
Low to moderate resistance to erosion plays a role in the units with slope 
classes C, Dor E (S3e for perennial crops, Ne for annual crops). 
LU 15 
Sorghum, millet, sunflower and simsim rank Sl. Maize, beans and cotton rank 
S2m. Tuber crops and treecrops rank S3v. S2-yields for millet and simsim 
can be obtained in the second growing period. 
LV 15e 
Low resistance to erosion and physical land degradation (S3e for perennial 
crops, Ne for annual crops). 
LU 16 
This LU can be well compared to LU 11. Moisture stress comes out more pro-
nounced in LU 16. Millet, sweet potato, cowpea and simsim still rank Sl, 
maize , sorghum and beans still rank S2f, cashew still ranks S2m, but coco-
nut is downgraded to S3m. S2-yields for the second growing period are only 
to be expected from millet and simsim. Soil mapping unit ULcl, slope class 
CD, has a moderate resistance to erosion. 
LV 17 
This LU can be well compared to LU 12. Differences in cropping possibilities 
are only slight. Soil mapping unit USKA 1, slope class BD has a moderate 
resistance to erosion. 
LV 18 
This LU covers a small area near Sokoke and north of Jaribuni. Nutrient de-
manding crops rank S2f or S3f, less demanding crops rank S2m or S3m. 
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Fig. 40 . Scarcity of drinking water is a severe problem in the Kilifi Area : cows at the 
Ndzovuni river, which for most of the year consists of isolated pools of dirty water, only 
"sui table" for consumption because there is no choice. North of Kwa Demu, February 1984 
{photo H. Waaijenberg) . 
LU 19 
Most soils of soil mapping unit UOc2p are in salinity class 2-3, which 
clearly comes out in the suitability classification. All crops are in S3 
or N. Low resistance to erosion and physical land degradation even makes 
the area quite vulnerable to overgrazing (Fig. 40). 
LU 19e 
In this LU erosion and physical land degradation preclude any intensive 
agricultural practice. 
LU 20 
In this dry and low fertility area, millet, cowpea and simsim still give 
S2-yields . Cashew balances between S2 and S3m. Coconut ranks Nm. Maize, 
sorghum and beans rank Nf, indicating that moq~st amounts of fertilizer or 
manure may give yield increases until moistur~ t~k~s over as the limiting 
factor. 
LU 21 
Suitability for all crops are similar or even slightly less favourable than 
in LU 20. 
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LV 22 
Most soils of the PlO-soil mapping units are in salinity class 2-3. The 
suitability classification refers to x2 only. If salinity class 3 prevails, 
the classification of LU 19 can be used. Only sunflower and pineapple rank 
S2. Low to moderate resistance to physical land degradation makes the LU 
quite vulnerable to overgrazing . 
LV 23 
Millet (Sl!), cassava, cowpea, sunflower and simsim can give reasonable 
yields in this LU. Cashew (S3m) and coconut (Nm) will suffer severely from 
moisture stress, but yields from maize, sorghum and beans (S3f) can be in-
creased by application of modest amounts of fertilizer or manure until mois-
ture takes over as yield-limiting factor . 
LV 24 
Restricted drainage and high salinity precludes any successful erop per-
formance in this LU. 
LV 25 
Very limited prospects due to low moisture availability and high salinity 
(cf. LU 22). 
LU 26 
This LU is concentrated around Bamba . Sorghum, millet, cassava, cowpea, 
green gram and sunflower can give S2-yields in the first growing period . 
Maize and sweet potato, however, rank Nm. LU 26 has a moderate resistance 
to physical land degradation . 
LV 27 
Millet, cowpea and green gram are the crops that can give reasonable yields 
in this LU, which is too dry for any other profitable agricultural enter-
prise. Soil mapping unit USKA 1, slope class BD has a moderate resistance 
to erosion. 
LV 28 
Very marginal area, only allowing 52-yields from millet, cowpea and green 
gram. 
LV 29 
Temporary flooding makes the AA-units exclusively suitable for rice. Lack 
of data does not allow a comprehensive suitability classification. 
LU 30 
Low resistance to erosion on the sideslope s . In the valleybottoms rice can 
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do wel!. Lack of data does not allow a comprehensive suitability classifi-
cation. 
LV 31 
Ri~e is the most promising enterprise in the bottomlands (Sl-2) . 
Other crops are in S2 or S3 because of impeded drainage. In very wet years, 
excess water can cause complete erop failure to other crops than rice . 
LV 32 
Low resistance to erosion is the overriding land quality in this LU (S3e for 
perennial crops, Ne for annual crops). Watershed protection should be the 
major aim . 
LV 33 
Lack of data does not allow any suitability classification for these minor 
units, which are therefore grouped in 'dustbin' LU 33. 
4.3.2 Summarg 
In the following, the soil mapping units are evaluated and correlated 
with land units (see also Table 32). 
The H-units are all in LU 32. Steep slopes preclude arable cropping and 
soil conservation should be the main concern. 
The VSK-units occur in LU 12, 17, 23, 26 and 27, all in the area of bi-
modal rainfall patterns. In LU 12, 17 and 23, low soil fertility is the ma-
jor constraint to maize, sorghum and beans (S3f). Response to fertilizer or 
manure can be expected. Units 26 and 27 are too dry for maize. Small legumes 
and millet stand the dry conditions better . Cashew is S2m, coconut S3m in 
LU 12 and 17. 
The VS-units occur in LU 14, 20, 21 and 28, all in the area of bimodal 
rainfall pattern. It is the group with the lowest soil fertility (E3). This 
can be deducted from the ratings in Appendix 7, which very often show the 
f-suffix. Response to fertilizer can be streng in LU 14, moderate in LU 20 
and 21, but very low in LU 28. Unfertilized yields of maize and beans are 
very low (Nf). Small pulses and millet are best adapted to conditions in 
LU 28 . Cashew ranks S2 in LU 14 and S23 in LU 20 and 21. 
The UL-units occur in LU 11 and 16, all in the area of bimodal rainfall 
patterns. Many 51-yields are obtained in LU 11 and, to a lesser extent, in 
LU 16 . Present unfertilized yields of maize, sorghum, cassava and beans (S2f) 
can be raised to Sl by applying fertilizer or manure, notably in LU 11 . ca-
shew and coconut are S2 in LU 11 and S2 and S3 respectively in LU 16. Very 
steep slopes preclude arable cropping in unit ULcl, slope class EF (LU lle) . 
The VO-units are in LU 12 and 12 (UOf only, see remarks on USK-units), 
LU 13 (UOl and UOcl) and LU 19 (UOc2p), a l l in the are a o f bimodal rainfall 
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patterns . Short-distance variabilities with respect to soil fertility cause 
difficulties in classifying LU 13 satisfactorily. It fellows from the rat-
ings in Appendix 7, however, that application of fertili zer or manure will 
show yield responses. Cashew and coconut rank 52 for LU 13. LU 19 is char-
acterized by high salinity and high susceptibility to land degradation. 
The UT-units occur in LU 1, 7, 8 and 15, partly in the almost monomodal, 
partly in the bimodal rainfall pattern area. High maize and sorghum yields 
(Sl) are obtained in LU 1 and 8, moderate maize yields in LU 15 (S2m). Poor· 
ly drained unit UT2c4, slope class A (LU 7) permits good rice yields. This 
is also possible in the many narrow valley bottoms which occur throughout 
the UT-units. Tuber crops and treecrops suffer from adverse soil physical 
status (S 3v) and low resistance to erosion and laborieus tillage propertief 
further preclude optima! performance of crops. 
The VE-units are in LU 2, 9 and 18, predominantly in the coastal, almost 
monomodal rainfall distribution area. In LU 2, cashew ranks Sl. In the 
other LU' s, cashew ranks S2m. Coconut rank s S3m throughout. Growth of 
maize, sorghum and beans is restricted by low fertility (S3f), but cassava 
and sweet potato can reach S2f. Application of fertilizer or manure will 
definitely show yield responses. Resistance to erosion is moderate in units 
with slope class CD, unless protected by an adequate vegetal cover. 
The PlO-units are in LU 22 and 25, both in the area of bimodal rainfall 
patterns. Drought stress and salinity/sodicity turn the PlO- units into 
areas of minor agricultural significance. 
The P2Em-units are in the coastal LU's 2 and 9 (cf. UE-units). 
The P2El-units are in the coastal LU's 2, 5 and 9. For LU 2 and 9 refe-
rence is made to the UE-units . LU 5 represents the better moisture condi-
tions, resulting amongst ethers in S2-yields for coconut and Sl-yields for 
vegetables. 
Unit P2Ec is in coastal LU 4. Impeded drainage faveurs rice cultivation 
(S2f), while the performance of other crops does not exceed S3. 
The P2Ll- and P2Lc-units are in coastal LU's 2, 3, 9 and 10 . For LU's 2 
and 9 reference is made to the UE-units. Suitability classification for 
P2Ll1P needed to be revalued because of shallowness and P2Lcp because of 
its vertic properties (LU 3 and 10) . 
The AA-units (LU 29) and the VX-units (LU 30) could not be properly 
rated due to lack of data. Rice is probably the most promising agricultural 
enterprise. Low resistance to erosion is a serieus constraint regarding the 
slopes of the VX-units. 
The BA-units occur in LU 24 (saline-sodic) and LU 31 (non- to slightly 
saline-sodic). For LU 31 rice ranks Sl-S 2, other crops are in S2 or S3. 
The TA-units are grouped in LU 6. They are in the highest salinity class 
(X4 }, in other words, far below any agricultural significance. 
The DE-units are in LU 2 and 9. Reference is made to the UE-units. 
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Appendix 6{a) 
Detailed description of representative profiles 
Unit HSKC, Profile l 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
chromic Vertisol; udi c Chromustert 
IV-1 
198/3-4S, Kilifi District, E S.68.4 
N 9S . 79 .3, 19S m, 30-10-1980 
shales 
Minor Scarp 
undulating upland and flat plain are 
separated by this scarp 
middle part of the straight slope 
18% 
100% grasses and herbs; extensive grazing 
and scattered cultivated fields 
well drained 
below 120 cm 
stoniness class l; rockiness class 1 
moderate to severe sheet erosion; slight 
rill erosion 
Ahl 0- 2S cm: Dark brown (lOYR 3/3} sandy clay loam; moderate to strong medium angular 
blocky; continuous moderate clay skins; very hard, firm, sticky and 
plastic; co!Mlon fine, many very fine pores; co!Mlon fine and very fine 
roots; clear and smooth transition to : 
Ah2 2S- 90 cm: Dark reddish brown (SYR 3/3) clay; moderate very coarse prisma-tic; 
intersecting slickensides; very to extremely hard, very firm, sticky and 
very plastic; few fine and very fine pores; few fine and very fine roots; 
few fine black manganese concretions; few boulders; cracks exceeding 1 cm 
diameter up to 1 m. depth; diffuse transition to: 
AC 90-120+cm: Dark reddish brown (SYR 3/3) clay; moderate very coarse angular blocky; 
continuous moderate clay cutans; very hard , very firm, sticky and very 
plastic; few very fine pores. 
Unit HXlC, Profile 2 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
vertic Luvisol; vertic Haplustalf 
IV-1 
198/3-72, 
N 9S .S9.S, 
shales and 
Kwale District, 
16S m, 19-8-1980 
limestones 
Minor Scarps 
rolling to hilly 
E 5.60.2 
middle part of the straight slope 
6% 
grassland and extensive grazing; maize 
fields and scattered mangoes 
moderately well drained 
below 90 cm 
nil 
Ah o- 40 cm: Dark yellowish brown (lOYR 3/4) clay loam; moderate medium sub-angular 
blocky; friable; few fine and very fine pores; abrupt and wavy transition 
to: 
Bt 40- 90 cm : Yellowish brown (lOYR S/6) clay; many fine distinct mottles; moderate 
medium prismatic; moderately thick patchy clay cutans; firm; many very 
fine and few fine pores; diffuse transition to: 
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Btg 90+cm: Light olive brown (2.5Y 5/4) clay; many medium prominent 
mottles; moderate medium to coarse prismatic; moderately thick 
patchy clay skins; firm; few fine and very fine iron/manganese 
concretions; few fine pores. 
Unit USKf, Profile 3 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landf orm 
Meso-micro-relief 
gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Soil fauna 
albic Arenosol; ustoxic Quartzipsamment 
V-1 
198/1-3, Kilifi District, E 5.60.0 
N 96.09.1, 300 m, 4-1-1980 
fine grained sandstones and siltstones 
Coastal Uplands (Kaloleni upland) 
gently undulating 
summit; scattered termite mounds; slope 
0-1% 
bushed grassland and extensive grazing/ 
browsing; scattered cultivated fields 
excessively drained 
below 140 cm 
nil 
moderate active rill and gully erosion 
termites 
Cl 0- 14 cm: Light yellowish brown (lOYR 6/4) loamy sand; porous massive, weakly 
coherent; soft, loose, non-sticky and non-plastic; few fine, common very 
fine pores; few coarse medium and fine, common ve ry fine roots; diffuse 
transition to : 
C2 14-140+cm: Brownish yellow {lOYR 6/4-6/6) loamy sand; porous massive, weakly coher-
ent; slightly hard, loose, non-sticky and non-plastic; common very fine 
pores; very few medium, few fine and very fine roots. 
Unit USKf, Profile 4 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-micro-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Soil fauna 
Luvic Arenosol; alfic Ustipsamment 
IV-1 
198/1-81 , Kilifi District, E 5.61.9 
N 95.86.4, 300 m, 19-5-1982 
fine grained sandstones and siltstones 
Coastal Uplands {Kaloleni upland) 
gently undulating 
upper part of the slightly convex slope; 
scattered termite mounds 
2% 
semi-permanent cultivation of maize and 
cassava 
somewhat excessively drained 
below 150 cm 
nil 
slight sheet erosion 
termites 
Ah 0- 20 cm: Very dark greyish brown (lOYR 3/2) sandy loam; weak medium subangular 
blocky; loose, very friable , slightly sticky and slightly plastic; common 
medium, fine and very fine, few coarse pores; few medium, common fine, 
many very fine roots; small charcoal particles ( < 1 cm) and some pottery 
fragments; clear and smooth transition to: 
E 20- 60 cm: Brown (lOYR 5/3) sandy loam; weak medium subangular blocky; soft, very 
friable, slightly s ticky and slightly plastic ; few medium and coarse, 
common fine, many very fine pores; many very fine roots ; gradual and 
smooth transition to : 
C/B 60-130 cm: Yellowish brown (lOYR 5/4) loamy sand; weak fine subangular blocky; soft, 
very friable, slightly sticky and slightly plastic; few coarse, medium 
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and fine, many very fine pores; common very fine roots; gradual and 
smooth transition to: 
C 130-lSO+cm: Brownish yellow (lOYR 6/6) loamy sand; weak fine subangular blocky; soft, 
very friable, slightly sticky and slightly plastic; few fine many very 
fine pores; faint saprolite mottling below lSO cm . 
I Note: At 70 cm, 9S cm, 113 cm and 12S cm horizontal lamellae of smooth and 
wavy, brown (lOYR 4/3) sandy loam occur. 
Unit USKAl, Profile 5 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
chromic Luvisol; oxic Paleustalf 
IV-1 
198/3-43, Kilifi District, E S.68.7 
N 9S.81.7, 2SO m, 29-10-1980 
fine grained sandstones and siltstones 
Coastal Uplands (Kaloleni upland) 
rolling 
upper part of the slightly convex slope 
2% 
coconuts (80%); underneath : browsing 
goats, grasses and herbs 
well drained 
below 200 cm 
nil 
nil 
Ah 0- 18 cm : Dark brown (7,SYR 4/4) loamy sand; weak medium subangular blocky; soft , 
very friable, non-sticky and non-plas tic ; many very fine, common fine 
pores; many very fine and fine roots; clear and smooth transition to: 
AB 18- 42 cm: Reddish brown (SYR 4/4) sandy clay loam; moderate coarse sub-angular 
blocky; slightly hard , friable, non-sticky and non-plastic; many very 
fine and fine pores; many very fine roots; gradual and smooth transition 
to: 
Btl 42-lOS cm: Yellowish red (SYR 4/6) sandy clay loam; porous massive; slightly hard, 
friable, slightly sticky and slightly plastic; common very fine, few fine 
pores; common very fine, medium and coarse roots; diffuse transition to: 
Bt2 10S-14S cm : Yellowish red (SYR S/8) sandy clay loam; porous massive; slightly hard, 
very friable, non-sticky and slightly plastic ; common very fine pores; 
common very fine, medium and coarse roots; diffuse transition to: 
BC 14S-200 cm: Yellowish red (SYR S/8) sandy clay loam to sandy loam; porous massive; 
s lightly hard, very friable, non-sticky and non-plastic ; few very fine 
pores; few roots . 
Unit USKA2, Profile 6 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Human activities 
gleyic Acrisol; 'epiaquic' Paleustult 
V-1 
198/1-11, Kilifi District, E 5.S7.0 
N 96.07.l, 270 m, 2S-ll-1980 
fine grained sandstones and siltstones 
Coastal Uplands (Kaloleni upland) 
gently undulating 
almost flat part of a complex slope 
1% 
Brachgstegia bushed woodland; browsing 
(goats) 
moderately well drained 
below 110 cm 
nil 
nil 
charcoal production 
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Ah 0- 13 cm: Yellowish brown (lOYR 5/4) loamy sand; few faint reddish yellow fine iron 
mottles; single grain; very friable, non-sticky and non-plastic; many 
very fine to fine pores; many fine medium roots; abrupt and smooth tran-
sition to: 
BAg 13- 35 cm: Very pale brown (lOYR 7/4) loamy sand; common faint reddish yellow fine 
iron mottles; very weak subangular blocky ; very friable, non-sticky and 
non-plastic; many very fine pores ; common coarse roots ; clear and smooth 
transition to: 
Btgl 35- 88 cm: Light grey (lOYR 7/2) sandy loam ; common prominent red medium to coarse 
iron mottles; moderate medium subangular blocky; friable, non-sticky and 
non-plastic; many very fine to fine pores; few medium roots; abrupt and 
smooth transition to: 
Btg2 88-llO+cm: Light grey (lOYR 7/2) sandy clay; common prominent reddish yellow medium 
to coarse iron mottles; moderate coarse prismatic; clay skins; very hard, 
extremely firm, non-sticky and non-plastic ; common very fine to medium 
pores; no roots. 
Unit USsl, Profile 7 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Mesorelief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Human activities 
albic Arenosol 
ustoxic Quartzipsamment 
V-1 
198/1-23, Kilifi District, E 5 .67.1, N 
95.98.1, 235 m, 8-6-1981 
coarse grained sandstones and arkoses 
Coastal Uplands (Kaloleni Upland) 
undulating 
middle part of the slightly convex slope 
7% 
mixture of Brachystegia bushed woodland 
with extensive browsing and cashew with 
scattered cultivated fields 
excessively drained 
below 320 cm 
nil 
slight rill and gully erosion 
charcoal production 
Cl 0- 90 cm: Brownish yellow (lOYR 6/6) loamy sand; very few distinct very coarse 
(lOYR 8/2) iron mottles; porous massive, weakly coherent; loose, non-
sticky and non-plastic; common biopores; many very fine poots; few 1-2 mm 
quartz minerals; clear and smooth transition to: 
C2 90-152 cm: Ye llow (lOYR 8/6) loamy sand; very few distinct very coarse (lOYR 8/2) 
iron mottles; porous massive, moderately coherent; slightly hard, loose, 
non-sticky and non-plastic ; common biopores; few fine and medium roots; 
few 1-2 mm quartz minerals ; gradual and smooth transition to: 
C3 152-200 cm: very pale brown (lOYR 8/3) loamy sand; porous massive, weakly coherent; 
soft, loose, non- sticky and non-plastic; few fine and medium roots. 
C4 200-320 cm: very pale brown (lOYR 8/3) loamy sand 
Unit USs2p, Profile 8 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
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luvic Arenosol; alfic Ustipsamment 
IV-1 
198/3-74, Kilifi District, E 5.61.8 
N 95.61.9, 200 m, 20-8-1980 
coarse grained sandstones and arkoses 
Coastal Uplands (Kaloleni upland) 
rolling to hilly 
middle part of the convex slope 
12% 
grassland and scattered shrubs; scattered 
cultivated fields 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
somewhat excessively drained 
below 140 cm 
nil 
nil 
Ah 0- 28 cm : Reddish brown (SYR 4/4) loamy medium sand; weak fine subangular blocky; 
loose, non-sticky and non-plastic ; many micropores; gradual and wavy 
transition to : 
E 
C/B 
28- 70 cm : Pale red (2.SYR 6/2) medium sand; weak fine subangular blocky; loose, 
non-sticky and non-plastic, many micropores; diffuse transition to: 
70-140 cm: Pale red (2 . SYR 6/2) medium sand; every 10-lS cm lamellae (1-2 mm thick) : 
loamy medium sand; weak fine subangular blocky; loose, non-sticky and 
non-plastic; many micropores; gradual and wavy transition to: 
1 c 140+cm : Yellowish red (SYR S/6) medium sand; weak fine subangular blocky; loose, 
non-sticky and non-plastic; many micropores. 
Unit USlp, Profile 9 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landf orm 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
gleyic Luvisol; aquultic Haplustalf 
IV-1 
198/3-49, Kilifi District, E. S. 77 .1 
N 9S.89.0, 290 m, 19-6-1981 
coarse grained sandstones and arkoses 
Coastal Uplands (Kaloleni upland) 
rolling 
lower part of a convex slope 
16% 
grassland (60%); cultivated fields 
(maize, cassava, pulses, 40%) 
imperfectly drained 
perched groundwater at 70 cm 
nil 
nil 
Ah 0- lS cm: Dark brown (lOYR 3/3) sandy clay loam; weak medium subangular blocky; 
s lightly hard, friable, non-sticky and non-plastic; many very fine and 
fine pores; few medium, many very fine and fine roots; clear and smooth 
transition to: 
BA lS- 3S cm: Dark yellowish brown (lOYR 4/6) sandy loam; moderate coarse subangular 
blocky; slightly hard, friable , slightly sticky and slightly plastic; 
common very fine and fine pores ; common very fine and fine roots; gradual 
and smooth transition to : 
Btl 3S- 70 cm: Brownish yellow {lOYR 6/6) sandy clay loam; common distinct fine red iron 
mottles; moderate coarse angular blocky; thin patchy clay cutans; hard, 
firm, sticky and plastic; common very fine pores; few roots; diffuse 
transition to: 
BC 70-120+cm : Light brownish grey (2.SY 6/2) sandy clay loam; many prominent medium red 
iron mottles; moderate coarse subangular blocky; very few patchy clay 
cutans; hard , firm, slightly sticky and plastic; common very fine pores. 
Unit UScl, Profile 10 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landf orm 
Meso-relief 
Slope gradient 
Land use/land cover 
humic Acrisol; 'oxic ' Paleustult 
III-1 
198/3-40, Kilifi District, E S.74.S 
N 9S .79 . 2, 230 m, 29-10-1980 
coarse grained sandstones and arkoses 
Coastal Uplands (Kaloleni upland) 
rolling 
upper part of the slope 
8% 
bush- fallow : cultivation of annual field 
c rops (SO%) and browsing (SO%) 
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Drainage class 
Depth of groundwater table 
well drained 
below 200 cm 
nil Presence of surface stones/rock outcrops 
Evidence of erosion slight to moderate sheet erosion (topsoil 
truncation ) 
Ah 0- 18 cm: Dark brown (lOYR 3/3) loamy medium sand; weak medium subangular blocky; 
loose, very friable, non-sticky and non-plastic ; very porous; clear and 
smooth transition to: 
Bw 18- 35 cm: Strong brown (7.5YR 5/6) sandy loam; weak coarse subangular blocky; soft, 
friable, non-sticky and non-plastic; common very fine and fine porous; 
common very fine and fine roots; gradual and smooth transition to: 
Btl 35- 75 cm: Strong brown (7.5YR 5/8) sandy clay; moderate medium subangular blocky; 
slightly hard, friable, non-sticky and slightly plastic ; patchy thin clay 
cutans; common very fine pores; few fine and medium roots ; diffuse 
transition to: 
Bt2 75-200+cm: Yellowish red (SYR 5/8) sandy clay to clay; moderate medium angular 
blocky; slightly hard, friable, slightly sticky and slightly plastic; 
broken thin clay cutans; few very fine and fine pores ; few fine roots. 
Unit UScl, Profile 11 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Surface sealing/crusting 
chromic Luvisol; oxic Haplustalf 
IV-1 
198/3-120 , Ki lifi District, E 5.71.5 
N 95.83 . 0, 270 m, 19-5-1982 
coarse grained sandstones and arkoses 
Coastal Uplands (Kaloleni upland) 
rolling 
flat plateau 
0% 
multiple cropping. cashew/ coconut with 
annual field erop (maize ) underneath 
well drained 
below 150 cm 
nil 
slight sheet erosion 
thin, weak 
Ah 0- 15 cm: Dark reddish brown (2.5YR 3/4) sandy clay loam ; weak medium granular to 
angular blocky; hard, friable, slightly sticky and slightly plastic; no 
cutans; many very fine and fine, common medium, few coarse pores; many 
very fine, few fine roots; some small (<2 cm ~) charcoal particles; clear 
and smooth transition to: 
BA 15- 55 cm: Dark red (2.5YR 3/6) sandy clay loam; moderate medium to coarse pris-
matic, breaking into moderate medium to coarse angular blocky; hard, 
firm, slightly sticky and plastic; very patchy thin clay cutans in pores; 
many very fine, medium fine, common medium , few coarse pores; common very 
fine, few fine roots; some burrows (2 cm~), partly filled with topsoil; 
gradual and smooth transition to: 
Bt 55-105 cm: Red (2.5YR 4/8) sandy clay; moderate medium to coarse prismatic, breaking 
into moderate medium to coarse angular blocky; hard , friable to firm, 
slightly sticky, plastic; patchy thin clay cutans in pores; many very 
fine, many fine, few medium, and coarse pores ; common very fine, few fine 
roots; diffuse transition to: 
BC 105-150+cm: Red (2.5YR 4/8) sandy clay loam; moderate medium to coarse prismatic 
breaking into moderate medium to coarse angular blocky; hard, firm, 
slightly sticky to sticky, plastic; many very fine, common fine, few 
medium, few coarse pores; common very fine , few fine roots . 
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Unit ULcl, Profile 12 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Surface sealing/crusting 
dystric Nitosol; 'rhodoxic' Paleustult 
III-1 
198/3-8, Kilifi District, E 5 .79 .7 
N 95 . 84.5, 220 m, 13-11-1980 
limestones 
Coastal Uplands (Dzitsoni upland) 
gently undulating 
middle part of the convex slope 
2% 
multiple cropping; coconut with annual 
field crops (maize, cassave, pulses) 
underneath 
well drained 
below 200 cm 
rockiness: class 2 
nil 
thin, weak sealing 
Ah 0- 25 cm: Dusky red (2 . SYR 3/2) sandy clay; moderate fine to medium crumb; slightly 
hard, friable, sticky and plastic; many fine pores; many very fine to 
fine , conunon medium roots ; gradual and smooth transition to: 
Btl 25- 55 cm: Dark red (lOR 3/4) sandy clay ; moderate medium subangular blocky; hard, 
friable, sticky and plastic; few thin clay cutans; many fine, few medium 
to coarse pores; many fine and medium roots; gradual and smooth tran-
sition to: 
Bt2 55-200+cm: Dusky red (lOYR 3/4) sandy clay; weak to moderate, medium subangular 
blocky tending to prismatic; hard, friable, sticky and plastic; many 
moderately thin clay cutans; many fine pores; conunon medium roots; abrupt 
trans ition to: 
R 200+cm: solid limestone . 
Unit ULc2, Profile 13 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landfonn 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Surface sealing/crusting 
Soil fauna 
dystric Nitosol; 'rhodoxic' Paleustult 
V-1 
198/1-47, Kilifi District, E 5.80.7 
N 96.08.5, 125 m, 2-11-1981 
limestones 
Coastal Uplands (Dzitsoni upland) 
undulating 
lower part of the convex slope 
4% 
Brachystegia bushland with patches of 
grassland and bare land; extensive 
grazing and browsing 
well drained 
below 150 cm 
few surface stones (class 0) 
nil 
thin, weak sealing 
termites 
Ah 0- 30 cm : Dark reddish brown (2. SYR 3/ 4) loam; weak medium subangular blocky; 
s lightly hard, very friable, s lightly sticky and slightly plastic; 
continuous thin manganese cutans; many very fine and fine, few medium and 
coarse pores and roots; few small (1-2 nun ~) hard spherical black man-
ganese nodules ; numerous (3-5/mZ) big (5-15 cm ~) insect chambers; gradual 
and smooth transition to: 
BA 30- 80 cm : Red (lOR 4/6) clay loam; moderate medium subangular blocky; slightly hard, 
very friable, slightly sticky and slightly plastic; continuous thin man-
ganese cutans; many very fine and fine, conunon medium pores and roots; 
f ew small (1-2 nun ~) hard spherical manganese nodules ; numerous (3/mZ) 
big ( 5-15 cm ~) insect chambers ; gradual and smooth transition to : 
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Bt 80-150+cm: Dark red (lOR 3/6) clay loam; moderate medium angular blocky; slightly 
hard, very friable, slightly sticky and slightly plastic; continuous thin 
manganese cutans; many very fine and fine , common medium pores; common 
very fine and fine roots; few small (1-3 mm ~) hard spherical manganese 
nodules. 
Unit UOf, Profile 14 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
ferralic Arenosol; typic Ustipsamment 
IV-1 
198/3-62, Kilifi District, E 5.59.5 
N 95.83.5, 190 m, 20-10-1980 
unconsolidated fine sandy and clayey 
deposits 
Coastal Uplands (Rabai upland) 
gently undulating 
hilltop 
3% 
bushed grassland with extensive grazing 
and browsing; scattered fields 
well drained 
below 90 cm 
nil 
slight sheet erosion 
Ah 0- 18 cm: Dark greyish brown (lOYR 4/2) sandy loam; weak fine subangular blocky; 
loose, non-sticky and non-plastic ; many very fine and fine common medium 
pores; many fine and very fine roots; clear and smooth transition to: 
AC 18- 40 cm: Dark greyish brown (lOYR 4/2) loamy sand; porous massive, weakly coherent; 
loose, non-sticky and non-plastic; common very fine and fine pores; few 
medium, common very fine and few fine roots; gradual and smooth transi-
tion to: 
C 40- 90+cm: Light yellowish brown (lOYR 6/4) loamy sand; porous massive , weakly co-
herent; loose, non-sticky and non-plastic; few very fine and fine pores; 
few very fine roots. 
Note : texture below 150 cm sandy loam 
Unit UOcl, Profile 15 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
orthic Luvisol ; udic Haplustalf 
IV-1 
198/3-70, Kwale District, E 5.59.5 
N 95.61.6, 175 m, 18-8-1980 
unconsolidated fine sandy and clayey 
deposits 
Coastal Uplands (Rabai upland) 
undulating to rolling 
middle part of the slightly convex slope 
8% 
multiple cropping: mangoes with maize 
underneath 
well drained 
below 100 cm 
nil 
nil 
Ah 0- 13 cm: Dark greyish brown (lOYR 4/2) sandy loam ; moderate fine to medium sub-
angular blocky; friable; many very fine and fine pores; clear and smooth 
transition to: 
AB 13- 28 cm: Dark greyish brown {lOYR 4/2) loam; continuous organic cutans; moderate 
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medium angular blocky; friable; many very fine and fine pores; clear and 
smooth transition to: 
Btl 28- S3 cm: Brown {lOYR 4/3) loam to clay loam; continuous mainly organic cutans; 
moderate to strong medium prismatic; firm; many very fine pores; clear 
and smooth transition to: 
Bt2 S3-100 cm: Strong brown {7 .SYR S/8) clay to clay loam; continuous clay skins; 
moderate to strong medium prismatic; firm; common very fine and fine 
pores; abrupt and broken transition to: 
R/C lOO+cm: weathered fine-grained sandstone (Fe-Mn-micaceous); quartzpebbles are 
found at the transition of the unconsolidated parent material and the 
bedrock. 
Unit UOc2p, Profile 16 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landf orm 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Salinity/alkalinity 
Soil fauna 
Human activities 
verti-gleyic Luvisol, sodic phase; aquic 
Haplustalf 
V-1 
198/1-43, Kilifi District, E S.7S.2 
N 96.10.2, 16S m, 7-8-1981 
unconsolidated fine sandy and clayey 
deposits 
Coastal Uplands (Rabai upland) 
gently undulating to undulating 
straight lower slope; scattered termite 
mounds 
4% 
grassed bushland, intense grazing and 
browsing 
moderately well drained 
temporarily shallow (40 cm) 
nil 
moderate to severe rill and gully erosion 
ESP exceeds lS {below 40 cm) 
termites 
retarded growth of bushes due to over-
grazing and erosion 
Ah 0- 9 cm: Dark yellowish brown (lOYR 3/4) loamy sand; common small faint yellowish 
red iron mottles; porous massive, weakly coherent; slightly hard, loose, 
slightly sticky and non-plastic; many very fine and fine pores and roots; 
few iron-manganese nodules (1-S mm); abrupt and wavy transition to: 
BA 9- 37 cm: Yellowish brown {lOYR S/6) sandy loam; common small faint yellowish red 
iron mottles; weak very coarse subangular blocky; slightly hard, loose, 
sticky and slightly plastic; many very fine and fine pores and roots; 
very few iron-manganese nodules (1-S mm); clear and wavy transition to: 
Btgl 37- 63 cm: Grey {SYR 6/1) sandy clay loam; many coarse distinct iron mottles; strong 
very coarse prismatic; extremely hard, very firm, sticky and plastic; 
many very fine pores and roots; few iron-manganese nodules (1-Smm); 
gradual and wavy transition to: 
Btg2 63- 90+cm: Brownish yellow (lOYR 6/8) sandy clay to clay; many coarse faint brownish 
yellow iron mottles; strong coarse prismatic; extremely hard, very firm, 
sticky and plastic . Thick continuous clay skins and slickensides; many 
very fine pores; frequent iron-manganese nodules {Smm); few calcium car-
bonate nodules. 
Unit UT2clp, Profile 17 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
chromic Vertisol; typic Chromustert 
III-1 
198/1-9, Kilifi District, E S.82.7 
N 9S.8S .6, lOS m, 17-1-1980 
shales 
Coastal Uplands (Lutsangani upland) 
rolling 
middle part of the convex slope; some 
gilgai 
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Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Surface sealing/crusting 
Human activities 
8% 
maize/sesame rotation; in places bushed 
grassland with extensive grazing 
moderately well drained 
below 112 cm 
nil 
slight to moderate sheet, rill and gully 
eros ion 
moderately thick, medium sealing 
soils are tilled mechanically 
Ap 0- 21 cm: Very dark greyish brown (lOYR 3/2) cracking clay; strong coarse subangular 
blocky; very hard, very firm, sticky and plastic; few small iron concre-
tions; few medium and fine common very fine pores; few coarse , medium , 
fine and very fine roots; abrupt and smooth transition to: 
Ah 21 - 32 cm: Dark brown to brown (7.SYR 4/4) cracking clay; few fine faint brownish 
yellow iron mottles; strong coarse angular blocky ; very hard, very firm, 
sticky and plastic; common moderately thick clay skins; few small to 
medium iron and manganese concretions; few medium, fine and very fine 
pores; few medium, fine and very fine roots ; clear and wavy transition 
to: 
AC 32- 62 cm: Yellowish brown (lOYR S/6) cracking clay; common fine distinct yellowish 
red iron mottles; strong very coarse angular blocky; very hard, very firm, 
sticky and plastic; common thick clay skins; intersecting slickensides; 
few, small manganese concretions; few medium pores; no roots ; clear and 
smooth transition to: 
Cl 62-112+cm: Brownish yellow (lOYR 6/6} cracking clay ; strong very coarse angular 
blocky to prismatic; very hard , very firm , sticky and plastic; abundant 
thick clay skins, intersecting slickensides ; no pores; few small man-
ganese concretions; no roots. 
Unit UT2c2p, Profile 18 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Salinity/alkalinity 
chromic Vertisol; udic Chromustert 
IV-1 
198/2- 39, Ki lifi District, E S.84.4 
N 96.06.7, 7S m, 21-6-1982 
shales 
Coastal Uplands (Lutsangani upland) 
rolling 
upper part of the convex slope 
10% 
wooded grassland, strongly degraded ; ex-
tensive grazing 
moderately well drained 
below 115 cm 
nil 
moderate sheet, rill and gully erosion 
soft powdery lime in the subsoil 
Ahl 0- 20 cm: Very dark greyish brown (lOYR 3/2) cracking clay; strong very coarse an-
gular blocky, falling apart into medium-sized aggregates; very hard, 
firm, sticky and plastic; few to common fine and very fine pores ; few 
fine and very fine roots; clear and smooth transition to: 
Ah2 20- 40 cm: Dark greyish brown (2.SYR 4/2) cracking clay; strong very coarse angular 
blocky to columnar; very hard , very firm, very sticky and plastic; few 
fine and very fine pores; few ferro-manganese nodules ; continuous inter-
secting slickensides; gradual and wavy to irregular transition to: 
Ces 40- 7S cm: Olive grey (SYR 4/2) cracking clay; strong very coarse columnar to an-
gular blocky; very hard, very firm, very sticky and plastic; few very 
fine biopores; low HCl-effervescence ; continuous intersecting slicken-
sides; many ferro-manganese nodules; diffuse transition to: 
Cca/cs 7S-11S+cm: Olive (SYR 4/3) cracking clay; strong very coarse angular blocky to 
columnar or prismatic; very hard , very firm, very sticky and plastic; no 
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biopores; intersecting slickensides; many ferro-manganese nodules; strong 
HCl-effervescence; presence of secondary carbonates in the form of powdery 
lime . 
Unit UElm2, Profile 19 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landf orm 
Meso-/microrelief 
Slope gradient 
Land use/land cover 
Drainage class 
Moisture conditions in profile 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Soil fauna 
Cambic Arenosol; typic Ustipsamment 
IV-1 
198/2-28, Kilifi District, E 5.90.5, N 
96.10.4, 80 m., 19-6-1981 
Unconsolidated medium grained sandy de-
posi ts 
Coastal Uplands (Pingilikani uplands) 
flat minor 'depression' between UElll and 
UE 112 
flat; common termite mounds 
0-1% 
Multiple (perennial) cropping: cashew and 
coconut; bushy undergrowth (browsing) 
somewhat exessively drained 
below 150 cm 
nil 
nil 
termites 
Al 0- 13 cm: Very dark greyish brown (lOYR 3/2) medium to fine sand; single grain; 
soft very friable non sticky and non plastic; many very fine, common fine 
and medium pores; common very fine, fine and medium roots; clear and 
smooth transition to: 
CA 13- 50 cm: Brown to dark brown (lOYR 4/3) medium to fine sand; few faint fine iron 
mottles; single grain; soft, very friable non sticky and non plastic; 
many very fine, common fine, few medium pores; common very fine, fine and 
medium roots; gradual and smooth transition to: 
Cl 50-150+cm: Dark brown (lOYR 4/4), (loamy) medium to fine sand; single grain; patchy 
thin clay cutans; slightly hard, very friable, non sticky, non plastic; 
common very fine and fine pores; few very fine roots. 
Unit UElll, Profile 20 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
chromic Luvisol; "rhodoxic" Paleustalf 
III-1 
198/4-41, Kilifi District, E 5.87.0 
N 95.84.5, 105 m, 18-5-1982 
unconsolidated medium grained sandy de-
posits 
Coastal Uplands (Pingilikani upland) 
rolling to hilly 
upper part of linear slope 
6% 
multiple cropping: cashew/maize 
somewhat excessively drained 
below 150 cm 
nil 
moderate to severe sheet, rill and gully 
eros ion 
Ah 0- 28 cm: Dark reddish brown (2.5YR 3/4) sandy loam; weak medium subangular blocky 
to granular; slightly hard, very friable, slightly sticky and slightly 
plastic; many very fine, few fine, medium and coarse pores; common very 
fine, few fine, medium and coarse roots; many charcoal particles; gradual 
and smooth transition to: 
BA 28- 62 cm : Dark reddish brown (2.5YR 3/4) sandy clay loam; weak medium prismatic, 
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breaking into weak medium angular to subangular blocky ; slightly hard, 
friable, slightly sticky and slightly plastic; many very fine and fine, 
common medium, few coarse pores ; common very fine, few fine , medium and 
coarse roots; many charcoal particles; gradual and smooth transition to: 
Btl 62-113 cm: Dusky red (lOYR 3/4) sandy clay loam; weak medium prismatic, breaking 
into weak medium angular blocky; friable, slightly sticky and slightly 
plastic; patchy thin clay skins; many very fine, common fine and medium 
pores; few very fine, fine, medium and coarse roots; few charcoal par-
ticles; diffuse transition to : 
BC 113-150+cm: Dusky red (lOYR 3/4) sandy clay loam; weak medium prismatic, breaking 
into weak medium angular blocky; friable , slightly sticky and slightly 
plastic; patchy thin clay skins; many very fine, common fine, few medium 
and coarse pores; few roots . 
Unit UE112, Profile 21 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Soil fauna 
rhodic Ferralsol ; typic Haplustox 
IV-1 
198/2-3 , Kilifi District, E 5.89.9 
N 96.05.7, 95 m, 9-1-1980 
unconsolidated medium grained sandy 
deposits 
Coastal Uplands (Pingilikani upland) 
gently undulating 
flat-topped ridge; many termite mounds 
0% 
multiple landuse: cashew, scattered coco-
nut (former plantation) and bushland with 
extensive grazing underneath 
well drained 
below 150 cm 
nil 
nil 
termites 
Ah 0- 13 cm: Very dusky red (2.5YR 2/2) loamy sand; very weak fine subangular blocky 
to granular; loose, very friable, non-sticky and non-plastic; common very 
fine, fine and medium pores; many (15-40%) black spherical Mn-concretions; 
gradual and smooth transition to: 
Bt 13- 98 cm: Dusky red (lOYR 3/4) loamy sand to sandy loam; very weak fine subangular 
blocky to granular; soft, friable, non-sticky and non-plastic; many very 
fine and fine pores; common very fine and fine roots; many small Mn-con-
cretions; clear and smooth transition to : 
BC 98-150 cm: Dusky red (lOYR 3/4) sandy loam ; very weak medium subangular blocky; soft, 
friable, slightly sticky and non-plastic ; common very fine and few fine 
pores; no roots; many small Mn-concretions . 
Unit PlOl, Profile 22 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land-use/land cover 
Drainage class 
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sólodic Planosol; typic Natrustalf 
IV-1 
198/3-67, Kilifi District, E 5.6.6 
N 95.74.5, 175 m, 18-8-1980 
unconsolidated fine sandy and clayey 
deposits 
Coastal Plains (Bamba plain) 
flat to almost flat 
flat plain 
0% 
shrubland (Acacia, Euphorbia) and bare 
soil; extensive grazing and browsing 
moderately well drained to imperfectly 
drained 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Salinity/alkalinity 
below 105 cm 
nil 
moderate sheet erosion (due to over-
grazing 
EC and ESP presumably exceed critical 
values in the subsoil 
Ah 0- 6 cm: Dark greyish brown (lOYR 4/2) sandy loam ; few fine faint iron mottling 
along roots ; porous massive; soft, very friable , non-sticky and non-
plastic; many very fine and fine, common medium, few coarse pores; common 
very fine and fine roots; clear and smooth transition to: 
Eg 6- 40 cm : Dark greyish brown (lOYR 4/2) sandy loam; few fine faint iron mottling 
along roots; porous massive; slightly hard, very friable, non-sticky and 
non-plastic; many very fine, cormnon fine, few medium pores; common very 
fine roots; abrupt and wavy transition to: 
Btgl 40- 105 cm: Greyish brown (lOYR 5/2) sandy clay loam; common fine distinct yellowish 
red iron mottles; moderate very coarse prismatic to columnar ; few patchy 
clay skins; very to extremely hard , friable, non-sticky and non-plastic; 
common very fine pores; common to few very fine roots. 
Unit P2Eml, Profile 23 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landf orm 
Heso-relief 
Slope gradient 
Land use/land cove r 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Surface sealing/crusting 
orthic Luvisol;udic Haplustalf 
IV-1 
198/2-34, Kilifi District, E 5 . 94 . 6 
N 96 . 00 . 3, 15 m, 12-2-1982 
medium and coarse grained sandy deposits 
Coastal Plains (Kibarani plains) 
flat to almost flat 
flat plain 
0% 
multiple (perennial) cropping: cashew/ 
coconut ; bushy undergrowth wi th some 
browsing 
somewhat excessively drained 
below 160 cm 
nil 
slight sheet erosion 
thin, weak sealing and crusting 
Ah 0- 40 cm: Dark brown (lOYR 3/3) loamy sand; porous massive, weakly coherent; soft 
to sli ghtly hard, loose, non-sticky and non-plastic; common many pores ; 
smooth and gradual transition to: 
AB 40- 80 cm: Brown (lOYR 4/4) loamy sand; porous massive, weakly coherent; slightly 
hard to hard , loose, non-sticky and non-plastic; common to many pores; 
smooth and gradual transition to: 
Btl 80-115 cm: Strong brown (7 . 5YR 4/6) sandy loam; porous massive, moderately coherent; 
slightly hard to hard, loose to very friable, non-sticky and non-plastic; 
common pores ; gradual and smooth transition to : 
Bt2 115-160 cm: Same as Btl except for texture : sandy clay loam; smooth and gradual 
transition to: 
Bt3 160+cm: Strong brown (7.5YR 5/6) sandy clay loam; porous massive , strongly co-
herent; hard, loose to very friable, non-sticky and non-plastic; few 
pores. 
Unit P2Em3, Profile 24 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
chromic Luvisol; rhodic Paleustalf 
IV-1 
198/2-35 , Kilifi District, E 5.96 . 3 
N 96.02.1, 15 m, 1-2-1982 
medium and coarse grained sandy deposits 
Coastal Plains (Kibarani plains) 
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Surrounding landronn 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surrace stones/rock outcrops 
Evidence of erosion 
flat to almost flat 
flat plain 
0% 
multiple cropping: cashew/coconut/mango; 
underneath: bush-fallow (maize/cassava/ 
sesame or farm bush with browsing) 
somewhat excessively drained 
below 200 cm 
nil 
nil 
Ah 0- 10 cm: Dark brown (7.SYR 3/4) loamy sand; porous massive, weakly coherent; soft, 
very friable, non-sticky and non-plastic; common medium, many fine and 
very fine pores; few coarse, common medium and fine , many very fine 
roots; clear and smooth transition to: 
AB 10- SO cm: Yellowish red (SYR 4/6) loamy sand; porous massive, weakly coherent; 
slightly hard, very friable, non-sticky and non-plastic; common medium, 
fine and very fine pores; few medium and fine , common very fine roots; 
diffuse transition to: 
Btl S0-100 cm: Red (2 .SYR 4/8) sandy loam; porous massive, moderately coherent; slightly 
hard, very friable, non-sticky and non-plastic; few fine and very fine 
roots; diffuse transition to: 
Bt2 100-200+cm: Red (2 . SYR 4/8) sandy loam; porous massive, moderately coherent; hard, 
friable, non-sticky and non-plastic ; common fine and very fine pores; few 
very fine roots; strong H2o2-effervescence (Mn) . 
Unit P2Em4, Profile 25 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
cambic Arenosol ;typic Ustipsamment 
IV-1 
198/2-14, Kilifi District, E S.98.0 
N 96.13.0, lS m, 19-8-1980 
medium and coarse grained sandy deposits 
Coastal Plains (Kibarani plains) 
flat to almost flat 
flat plain 
2% 
multiple cropping: coconut/annual field 
crops (maize/cowpea/cassava) 
somewhat excessively drained 
below 160 cm 
nil 
nil 
Ah 0- 20 cm: Brown (7. SYR 4/3) sand; weak medium to coarse subangular blocky; loose to 
very friable; common very fine, few to common fine and medium pores ; many 
very fine and fine, common medium roots ; clear and smooth transition to: 
AB 20- 44 cm: Brown (7.SYR 4/4) sand; weak medium to coarse subangular blocky; loose to 
very friable ; common very fine, few to common fine and medium pores; many 
very fine, common fine and medium roots; gradual and wavy transition to: 
Bwl/R 44- 73 cm: Strong brown (7.SYR S/6) sand; weak medium to coarse subangular blocky; 
loose to very friable; common very fine, few fine and medium pores; many 
very fine, common fine and medium roots ; clear and smooth transition to: 
Bw2/R 73-160+cm: Yellowish red (SYR S/8) sand; weak medium to coarse subangular blocky; 
loose to very friable; common very fine and few to common fine and medium 
pores ; few very fine and fine roots . 
Note: Large pieces of unweathered, fresh coral rock are found in the profile between 
depths of 40 cm and lSO cm. 
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Unit P2Ell, Profile 26 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landf orm 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
chromic Luvisol; "rhodoxic" Paleustult 
IV-1 
198/2-1, Kilifi District, E 5.94.2 
N 96 . 00 . 7, 30 m, 16-1-1980 
medium and coarse grained sandy dep-
osi ts 
Coastal Plains (Kibarani plains) 
flat to almost flat 
flat plain 
1% 
annual field crops (maize/cowpea); 
patches of herb- and grassland 
somewhat excessively drained 
below 145 cm 
nil 
nil 
Ah 0- 22 cm: Dark brown (7 . 5YR 4/4) loamy sand; porous massive, weakly coherent; 
slightly hard, very friable, non-sticky and non-plastic; few, thin iron 
coatings ; few fine, common very fine pores; few fine and very fine roots; 
abrupt and smooth transition to: 
Btl 22- 50 cm: Dark red, (2.5YR 3/6) sandy loam; porous massive, moderately coherent; 
slightly hard, very friable, non-sticky and non-plastic; few, thin iron 
coatings; common very fine pores; few fine and very fine roots; clear and 
smooth transition to: 
Bt2 50- 99 cm : Red (2.5YR 4/6-4/8) sandy clay loam ; porous massive, strongly coherent; 
hard, friable, slightly sticky and plastic; common thin iron coatings; 
few fine, common very fine pores; no roots; diffuse transition to: 
Bt22 99-145+cm: Red (2 . 5YR 4/6) sandy clay loam; porous massive, strongly coherent; hard, 
friable, slightly sticky and plastic; common, thin iron coatings; few 
fine, common very fine pores; no roots. 
Unit P2El2, Profile 27 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
orthic Luvisol; ultic Haplustalf 
IV-1 
198/2-44 Kilifi District, E 5.88 . 7 
N 95 . 93.0, 60 m, 15-7-1982 
medium and coarse grained sandy deposits 
Coastal Plains (Kibarani plains) 
flat to almost flat 
flat plain 
0% 
treecrops: cashew/coconut/mango; under-
growth of grasses and herbs 
well drained 
at approximately 100 cm 
nil 
nil 
Ah 0- 19 cm: Dark brown (lOYR 3/3) medium to fine sand; single grain; loose, non-
sticky and non-plastic; common medium, fine and very fine pores; few 
medium, common fine and very fine roots; clear and wavy transition to: 
AB 19- 60 cm: Brown (lOYR 4/3) loamy sand; single grain; loose, non-sticky and non-
plastic; common medium, fine and very fine pores; few fine and very fine 
roots; abrupt and smooth transition to: 
Btl 60- 82 cm: Dark yellowish brown (lOYR 4/6) sandy clay loam; weak to moderate medium 
sub-angular blocky; very friable to friable, slightly sticky and non-
plastic; broken clay skins, moderately thick; common medium, fine and 
very fine pores; no roots; gradual and smooth transition to: 
Bt2 82-150cm: Yellowish brown (lOYR 5/6) sandy clay loam; other characteristics are 
similar to those of the Btl . 
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Unit P2Ll2p, Profile 28 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landf orm 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
ferric Luvisol; oxic Rhodustalf 
III-1 
198/ 4-6, Kilifi District , E 5.84.6 
N 95.64.5, 15 m, 26-9-1980 
coral limestone and sands 
Coastal Plains (Kibarani plain) 
flat to almost flat 
flat plain 
0% 
grass land with scattered treecrops 
(cashew, coconut) 
well drained 
below 80 cm 
nil 
nil 
Al 0 - 18 cm : Dark brown (7.5 YR 3/2) loamy sand; porous massive, weakly coherent to 
weak fine subangular blocky; hard , very friable, non-sticky and non-
plastic; many very fine pores; many very fine, fine and medium roots; 
gradual and wavy transition to: 
AB 18- 46 cm: Reddish brown (5 YR 4/3) loamy sand; poreus massive, weakly coherent to 
weak fine subangular blocky; slightly hard , very friable , non-sticky and 
non-plastic; common very fine and fine pores; many very fine, common fine, 
few medium roots; diffuse transition to: 
Btl 46- 60 cm: Red (2.5 YR 5/6) sandy loam; moderate fine subangular blocky ; slightly 
hard , very friable, slightly sticky and non-plastic; common very fine 
pores; many very fine and few medium roots; diffuse transition to: 
Bt2/R 60- 80 cm: Red (2.5 YR 4/6) sandy clay loam; moderate fine to medium subangular 
blocky; slightly hard, very friable, slightly sticky and non-plastic; 
common very fine pores; common rock fragments; abrupt and broken tran-
sition to: 
R 80+cm: Coral rock. 
Unit AAc, Profile 29 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landform 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Evidence of flooding 
pellic Vertisol ; udic Pellustert 
IV-1 
198/2-4 , Kilifi District, E 5.86.3 
N 96.07.6, 10 m, 9-1-1980 
recent alluvial deposits 
Floodplains 
flat elongated strip bordering rolling 
up land 
flat plain ; gilgai 
0% 
bushed grassland; extensive grazing 
imperfectly drained 
temporarily shallow (rainy season) 
nil 
riverbank erosion during high discharges 
common during the rainy season 
Ahl 0- 3 cm: Brown to dark brown (lOYR 4/3) cracking clay; strong fine granular to 
subangular blocky; very hard, very firm , slightly sticky and plastic; 
slightly calcareous; common fine and very fine pores; few medium, common 
fine and very fine roots; abrupt and smooth transition to: 
Ah2 3- 25 cm: Dark grey (lOYR 4/1) cracking clay ; very strong fine subangular blocky; 
very hard, extremely firm, slightly sticky and plastic; slightly cal-
careous; few very fine pores; few very fine roots; clear and smooth 
transition to: 
AC 25- 56 cm: Greyish brown {2.5Y 5/2) cracking clay; very streng coarse prismatic; 
very hard, extremely firm, sticky and plastic ; abundant thin intersecting 
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slickensides; strong HCl-effervescence; few Caco3-concretions (2-5 mm~); few small molluscs; common very fine pores; few very fine roots; gradual 
and smooth transition to: 
Clca 56- 85 cm: Dark greyish brown (2.5Y 4/2) cracking clay; very strong coarse prismatic; 
very hard, extremely firm, sticky and plastic; abundant thick intersecting 
slickensides; strong HCl-effervescence; few caco3-concretions (2-5 mm~); no biopores; no roots; diffuse transition to: 
cica 85-135+cm: Black (2.5Y 2/1) cracking clay; very strong medium prismatic; very hard, 
extremely firm, sticky and plastic; abundant thick intersecting slicken-
sides; strong HCl-effervescence; few Caco3-concretions (2-5 mm~); no biopores; no roots. 
Unit BAcl, Profile 30 
Soil classification 
Agro-climatic zone 
Observation 
Parent material 
Physiography 
Surrounding landf orm 
Meso-relief 
Slope gradient 
Land use/land cover 
Drainage class 
Depth of groundwater table 
Presence of surface stones/rock outcrops 
Evidence of erosion 
Evidence of flooding 
gleyic Luvisol; aquic Haplustalf 
III-1 
198/3-80, Kilifi District, E 5. 80. 5, 
N 95.66.4, 20 m, 31-7-1980 
recent unconsolidated deposits 
Bottomlands 
flat to almost flat plains 
depression 
0% 
grassland 
imperfectly drained 
range: 60-160 cm 
nil 
nil 
occasional 
Ahl 0- 5 cm: Very dark greyish brown (lOYR 3/3) loam; weak medium crumb; slightly 
hard, friable, non-sticky and slightly plastic; many very fine and fine 
pores; many very fine roots; abupt and smooth transition to: 
Ah2 5- 30 cm: Very dark greyish brown (lOYR 3/2) loam; moderate medium subangular 
blocky; hard, friable, non-sticky and slightly plastic; many very fine 
and fine pores; few very fine roots; abrupt and wavy transition to : 
Btgl 30- 60 cm: Dark brown (lOYR 4/3) sandy clay loam; common medium distinct very dark 
greyish brown mottles; moderate medium and coarse angular blocky; very 
hard, friable, slightly sticky and slightly plastic; many very fine and 
fine pores; many very fine and fine roots; common small manganese con-
cretions; diffuse transition to: 
Btg2 60-150+cm: Greyish brown {lOYR 5/2) sandy clay; many coarse prominent yellowish 
brown iron mottles; moderate medium to coarse prismatic; very hard, firm, 
sticky and plastic; moderately thick clay skins; common very fine and 
fine pores; no roots; common small ferro-manganese concretions (5 mm~). 
163 
Appendix 6(b) 
Analysis results 
All data expressed in me/100 
mmol/kg and multiplied by 10 
Profile 1 
Laboratory no. 1980 11993 
Horizon Ahl 
Depth (cm) 0-25 
pH-H20(1:2.5 v/v) 5 .7 
pH-KCl Il 4.6 
EC(mS/cm) Il 0.05 
c (%) 1.0 
N (%) 0.14 
P-Mehlich (mg/kg) 20 
CEC (me/lOOg}, pH 8.2 9 .6 
Exch .Ca (me/lOOg} 1.8 
Exch .Mg Il 2.8 
Exch.K Il 0.1 
Exch.Na Il tr 
Sum of bases 4.7 
Base sat.%, pH 8.2 49 
Exch. Al+H (me/lOOg) 0.3 
ESP at pH 8.2 
Gravel % <2 
Texture, limited 
pretreatment : 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1.0 mm 2 
Sand % 1.0 - 0.50 mm 2 
Sand % 0 .50-0.25 mm 6 
Sand % 0.25-0 .10 mm 43 
Sand % 0. 10-0 .05 mm 14 
Total sand % 67 
Silt % 12 
Clay % 21 
Texture class SCL 
Bulk density n.d . 
g should be read as 
accordingly. 
11994 11995 
Ah2 AC 
25-90 90-120 
5.8 6.0 
4.5 5.0 
0.10 0.55 
1.0 0.7 
21.0 24.4 
6.6 8.9 
7 .4 10 .9 
0.2 0.2 
1.0 3.2 
15.2 23.2 
72 95 
13 
<2 <2 
n .d. 
2 1 
2 2 
4 3 
14 8 
5 2 
27 16 
21 26 
52 58 
c c 
Moisture % w/v at: not determined 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4.2 
164 
Profile 2 
Laboratory no. 1980 12543 12544 12545 12546 12547 12548 
Horizon Ah Ah Bt Bt Bt Btg 
Depth (cm) 0-20 20-40 50-60 60-70 70-80 100-120 
1 pH-H20(1:2.5 v/v) 6 . 1 6.2 6 .1 6 .0 6.4 6.4 
1 pH-KCl Il 5.0 4.8 4 . 9 4 . 8 5.0 5.4 
EC(mS/cm) Il 0.10 0 .10 0 . 08 0.08 0 . 09 0 . 12 1 
c (%) 0.7 0.4 0.2 0.2 0.2 0.2 
N (%) n.d. n.d. 
P- Mehlich (mg/kg) n.d. 
CEC (me/lOOg), pH 8.2 12.l 13.5 12.7 12.7 13.4 15.2 
Exch.Ca (me/lOOg) 2.2 5.5 4.6 5.2 5.7 6.5 
Exch.Mg Il 4.3 4.8 4.9 5.3 6.0 7.4 
Exch.K Il 0.2 0.8 0.4 0.3 0.3 0 . 3 
Exch.Na Il tr 0.1 0 . 1 0.1 0.2 0.1 
Sum of bases 6.7 11.2 10 . 0 10.9 12.2 14.3 
Base sat.%, pH 8 . 2 56 83 78 86 91 94 
Exch. Al+H (me/lOOg) nd 
ESP at pH 8.2 
Gravel % <2 <2 <2 <2 <2 <2 
Texture, limited 
pretreatment: 
Sand % 2.0-0 .05 mm 
Silt % 0.05-0.002 mm n.d. 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2 .0 - 1.0 mm 1 1 1 1 1 1 
Sand % 1.0 - 0.50 mm 4 3 3 3 3 3 
Sand % 0.50-0.25 mm 15 10 11 11 10 10 
Sand % 0.25-0 . 10 mm 18 14 17 16 15 15 
Sand % 0.10-0.05 mm 5 4 6 5 6 5 
Total sand % 43 32 38 36 35 34 
Silt % 28 21 22 18 18 15 
Clay % 29 47 40 46 47 51 
Texture class CL c c c c c 
Bulk density n . d . 
Moisture % w/v at: not determined 
pF 0 
pF 2 . 0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4.2 
165 
Profile 3 
Laboratory no. 1980 1728 1729 1730 1731 
Horizon Cl C2 C2 C2 
Depth (cm) 0-14 14-50 50-100 100-140 
pH-H20(1:2.5 v/v) 5.0 5.0 4.9 5.0 
pH-KCl Il 3.8 3.9 3.8 3.7 
EC(mS/cm) Il 0.03 0.02 0.02 0.01 
c (%} tr 0.1 0.1 0.2 
N (%} n.d 
P-Mehlich (mg/kg} 8 
CEC (me/lOOg}, pH 8.2 8.1 9.2 8.1 9.5 
Exch.Ca (me/lOOg} 0.9 0.1 1.1 1.4 
Exch .Mg Il 2.2 0.3 0.6 0.8 
Exch.K Il 0 . 1 0.1 0.1 0.1 
Exch.Na Il 0.3 0.4 0.5 0.5 
Sum of bases 3.5 0.7 2.3 2.8 
Base sat.%, pH 8.2 43 8 28 29 
Exch. Al+H (me/lOOg) 0.7 
ESP at pH 8 .2 4 
Gravel % <2 <2 <2 <2 
Texture, limited 
pretreatment : 
Sand % 2.0-0.05 mm 
Silt % 0 .05-0.002 mm n.d. 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1.0 mm 1 2 1 1 
Sand % 1.0 - 0.50 mm 10 11 12 9 
Sand % 0.50-0 . 25 mm 29 29 31 28 
Sand % 0.25-0.10 mm 37 38 36 38 
Sand % 0.10-0.05 mm 9 7 4 8 
Total sand % 86 87 84 84 
Silt % 3 3 5 5 
Clay % 11 10 11 11 
Texture class LS LS LS LS 
Bulk density 1.53 1.50 1.55 1. 55 
Moisture % w/v at : 5-10 20-25 60-65 90-95 120-125 160-165 cm 
pF 0 37.9 40 .3 42.4 38.3 40.6 39 .7 
pF 2.0 16.7 17.5 18 .6 19.4 20.3 20.0 
pF 2.3 13.2 15.3 15.7 16.5 18.5 15.7 
pF 2.7 10 . 5 12.5 10.4 13.1 12.4 9.9 
pF 3.0 3.0 3.4 3.9 3.7 5.2 4.9 
pF 3.7 2.1 2.2 2 . 6 2.2 3.0 3.6 
pF 4 .2 1.9 2.1 2.1 2.2 2.6 3.0 
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Laboratory no. 1982 7243 7244 7245 7247 
Horizon Ah E C/B c 
Depth (cm) 5-15 35-45 90-100 135-145 
pH-H2 0{l : 2 . 5 v/v) 6 .6 6 . 1 6.0 7.0 
pH-KCl Il 4.9 5.4 5.1 5.5 
EC(mS/cm) Il 0 .07 0.06 0.05 0.30 
c (%) 0.6 0.1 0.1 tr 
N (%) n.d. 
P-Mehlich (mg/kg) 45 
P-Olsen {ppm) 29 24 23 15 
CEC {me/lOOg), pH 8 .2 3.8 1.1 1.1 0 . 5 
Exch . Ca (me/lOOg) l. 5 0 .7 0.8 0 .3 
Exch .Mg Il 0.4 0.2 tr 0 .1 
Exch.K Il 0.9 0.2 0 . 2 0 .1 
Exch.Na Il 0.2 0.2 0.2 0.1 
Sum of bases 3 .0 1.3 1.2 0.6 
Base sat .%, pH 8 . 2 79 100 100 100 
Exch. Al+H (me/lOOg) n . d . 
ESP at pH 8.2 5 9 9 n.r. 
Gravel % <2 <2 <2 <2 
Texture, limited 
pretreatment : 
Sand % 2.0-0 . 05 mm 
Silt % 0 . 05-0 . 002 mm n . d. 
Clay % 0 . 002-0 mm 
Texture USDA: 
Sand % 2.0 - 1 . 0 mm tr 0 0 0 
Sand % 1.0 - 0 . 50 mm tr tr tr tr 
Sand % 0.50-0. 25 mm 11 8 8 8 
Sand % 0.25-0 . 10 mm 58 58 59 56 
Sand % 0 .10-0 . 05 mm 10 11 10 11 
Total sand % 79 77 77 75 
Silt % 11 12 14 16 
Clay % 10 11 9 9 
Texture class SL SL LS LS 
Bulk density 1.15 1.42 1.48 1.41 
Moisture % w/v at : 5-10 35-40 90-95 140-145 cm 
pF 0 52.9 41.8 37 . 3 38.7 
pF 2 . 0 28.3 23 . 3 23 . 7 27.l 
pF 2 . 3 13.6 11.9 10.9 11.2 
pF 2.7 13.0 10.8 10 . 2 10.2 
pF 3.0 7.6 5.8 5.5 3.5 
pF 3.7 5.1 4 . 1 4.0 n.d . 
pF 4.2 4.1 3.1 2.6 1.0 
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Laboratory no. 1980 
Horizon 
Depth (cm) 
pH-H20(1:2.5 v/v) 
pH-KCl " 
EC(mS/cm) " 
c (%) 
N (%) 
P-Mehlich (mg/kg) 
CEC (me/lOOg), pH 8.2 
Exch.Ca (me/lOOg) 
Exch.Mg " 
Exch.K " 
Exch.Na " 
Sum of bases 
Base sat.%, pH 8.2 
Exch. Al+H (me/lOOg) 
ESP at pH 8.2 
Gravel % 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm 
Clay % 0.002-0 mm 
Texture USDA : 
Sand % 2.0 - 1.0 mm 
Sand % 1.0 - 0.50 mm 
Sand % 0.50-0.25 mm 
Sand % 0.25-0.10 mm 
Sand % 0.10-0.05 mm 
Total sand % 
Silt % 
Clay % 
Texture class 
Bulk density 
11983 
Ah 
0-18 
5.8 
4.8 
0.03 
0.4 
n.d. 
5 
3.0 
0.7 
0.5 
0.2 
tr 
1.4 
47 
n . d. 
<l 
<2 
0 
tr 
2 
64 
14 
80 
8 
12 
LS 
n.d. 
11984 
AB 
18-42 
5.7 
4.7 
0.02 
0.6 
4.0 
1.4 
0.7 
0.1 
0.1 
2.3 
58 
3 
<2 
0 
tr 
2 
49 
11 
62 
4 
34 
SCL 
Moisture % w/v at: not determined 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4.2 
168 
11985 
Btl 
42-105 
5.5 
4.5 
0.03 
0 .5 
5.8 
1.4 
2.2 
0.2 
0.1 
3 . 9 
67 
2 
<2 
n.d. 
0 
tr 
2 
49 
11 
62 
8 
30 
SCL 
11986 
Bt2 
105-135 
5.5 
4.3 
0.02 
0.6 
4.6 
0.3 
2.0 
0.2 
tr 
2.5 
54 
<l 
<2 
tr 
tr 
2 
52 
12 
66 
8 
26 
SCL 
11987 
BC 
160-170 
5.4 
4.1 
0.02 
0.5 
4.6 
0 .7 
1.2 
0.2 
0.1 
2.2 
48 
2 
<2 
0 
tr 
2 
52 
12 
66 
10 
24 
SCL 
Profile 6 
Laboratory no. 1980 
Horizon 
Depth (cm) 
pH-H20(1:2.5 v/v) 
pH-KCl " 
EC(mS/cm) " 
c (%) 
N (%) 
P-Mehlich (mg/kg) 
CEC {me/lOOg), pH 8 .2 
Exch.Ca (me/lOOg) 
Exch.Mg " 
Exch.K " 
Exch.Na " 
Ah 
0-13 
n.d . 
n.d. 
n.d . 
n.d. 
n.d. 
n.d. 
n.d. 
n.d . 
n.d. 
n.d. 
n.d. 
Sum of bases n.d. 
Base sat.%, pH 8 .2 n.d. 
Exch. Al+H (me/lOOg) n . d . 
ESP at pH 8.2 n.d. 
Gravel % <2 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1.0 mm 
Sand % 1.0 - 0.50 mm 
Sand % 0.50-0.25 mm 
Sand % 0 . 25-0 . 10 mm 
Sand % 0.10-0 . 05 mm 
Total sand % 
Silt % 
Clay % 
Texture class 
Bulk density 
Moisture % w/v at : 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4.2 
n . d . 
n.d . 
n . d. 
n.d. 
n.d. 
n.d. 
n.d. 
n . d. 
1.46 
5-10 
44.3 
17 .8 
16.1 
15.1 
6.9 
4.7 
2.8 
BAg 
13-35 
tr 
tr 
5 
59 
16 
80 
6 
14 
LS 
1. 57 
30-35 
40.5 
22.9 
n.d . 
n.d . 
8.5 
6.6 
5.0 
Btgl 
35-88 
n.d. 
tr 
1 
6 
32 
15 
74 
7 
19 
SL 
1.67 
80-85 
36.2 
31.4 
28.7 
28.1 
21.4 
16.9 
14.2 
Btg2 
88-110 
tr 
tr 
4 
32 
24 
60 
35 
5 
SL 
1. 77 
90-95 cm 
40.2 
35 . 9 
32.0 
31.4 
26.3 
21.2 
16.3 
169 
Profile 7 
Laboratory no. 1981 
Horizon 
Depth {cm) 
pH-H20{1:2.5 v/v) 
pH-KCl " 
EC{mS/cm) " 
c {%) 
N {%) 
P-Mehlich {mg/kg) 
CEC {me/lOOg), pH 8.2 
Exch.Ca {me/lOOg) 
Exch.Mg 11 
Exch.K 11 
Exch.Na 11 
Sum of bases 
Base sat.%, pH 8.2 
Exch. Al+H {me/lOOg) 
ESP at pH 8.2 
Gravel % 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1.0 mm 
Sand % 1.0 - 0.50 mm 
Sand % 0.50-0.25 mm 
Sand % 0.25-0.10 mm 
Sand % 0.10-0.05 mm 
Total sand % 
Silt % 
Clay % 
Texture class 
Bulk density 
Moisture % w/v at: 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4.2 
170 
76 
Cl 
0-45 
5.1 
3.8 
0.01 
0.1 
n.d. 
n.d. 
0.6 
0.2 
0.1 
0.08 
0.1 
0.5 
n.r. 
n.d. 
n.r 
<2 
1 
3 
30 
42 
12 
88 
7 
5 
5 
1. 52 
10-15 
39.6 
19.l 
7.9 
7.6 
2.9 
2.2 
n.d. 
77 
Cl 
45-90 
5.0 
3.8 
0.01 
0.1 
0.3 
0.2 
0.1 
0.10 
tr 
0.4 
n.r. 
n.r. 
<2 
1 
3 
19 
47 
13 
83 
12 
5 
LS 
1.46 
40-45 
38.6 
23.8 
8.2 
8.2 
2.9 
1.9 
n.d. 
78 
C2 
90-125 
5.1 
3.9 
0.02 
0.1 
0.5 
0.2 
tr 
0.08 
0.1 
0.4 
n.r. 
n.r. 
<2 
n.d. 
1 
3 
30 
37 
14 
85 
10 
5 
LS 
1.48 
79 
C2 
125-160 
5.5 
3.8 
0.02 
0.1 
0.2 
tr 
tr 
0.08 
tr 
0.1 
n.r. 
n.r. 
<2 
1 
4 
24 
46 
9 
84 
12 
4 
LS 
100-105 cm 
37.2 
24.9 
8.8 
7.4 
2.7 
1.8 
n.d. 
80 
C3 
160-200 
5.8 
4.0 
0 .01 
0.1 
0.3 
0.2 
0.1 
0.08 
0.1 
0.5 
n.r. 
n.r. 
<2 
1 
3 
21 
49 
10 
84 
11 
5 
LS 
81 
C4 
200-240 
5.0 
4.0 
0.01 
0.1 
0.3 
0.1 
0.1 
0.08 
tr 
0.3 
n.r. 
n.r. 
<2 
1 
3 
26 
42 
13 
85 
11 
4 
LS 
Profile 8 
Laboratory no. 1980 12931 12932 12933 12934 12035 12936/7 
Horizon Ah Ah E C/B C/B C/B 
Depth (cm) 0-20 20-40 40- 60 60-80 80- 90 100-140 
pH-H20(1:2.5 v/v) 6 . 7 6.2 6.0 5.8 5. 5 5.6 
pH-KCl Il 5.0 4.5 4.4 4.4 4.4 4.5 
EC(mS/cm) Il 0.01 0.01 0.01 0.01 0.01 0.02 
c (%) 0.3 0.2 0 . 1 0.2 0.1 0.1 
N (%) n.d. 
P-Mehlich (mg/kg) 6 
CEC (me/lOOg), pH 8 . 2 2.3 1.4 1.1 0.9 1.0 1.2 
Exch.Ca (me/lOOg) 1.6 0 .8 0.5 0.4 0.4 0.6 
Exch.Mg Il 0 .6 0.3 0 . 2 0.1 0.1 0.3 
Exch.K Il 0.1 0 . 1 0 .1 0.1 0.1 0 . 1 
Exch .Na Il 0.2 0.1 0.1 tr tr 0.1 
Sum of bases 2.5 1.3 0.9 0 . 55 0.6 1.1 
Base sat .%, pH 8.2 100 94 82 61 60 91 
Exch . Al+H (me/lOOg) n . d . 
ESP at pH 8.2 9 7 9 <4 <4 8 
Gravel % <2 <2 <2 <2 <2 <2 
Texture, limited 
pretreatment : 
Sand % 2.0-0 . 05 mm 
Silt % 0.05-0 .002 mm n.d. 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2 .0 - 1.0 mm 5 5 7 6 10 8 
Sand % 1.0 - 0 .50 mm 24 23 24 22 32 26 
Sand % 0.50-0.25 mm 32 34 32 31 31 32 
Sand % 0.25-0.10 mm 18 22 21 22 15 28 
Sand % 0 . 10-0.05 mm 4 6 6 7 3 5 
Total sand % 83 90 90 88 91 89 
Silt % 4 5 6 8 5 7 
Clay % 13 5 4 4 4 4 
Texture class LS s s s s s 
Bulk density n . d. 
Moisture % w/v at: not determined 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3 .0 
pF 3.7 
pF 4.2 
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Profile 9 
Laboratory no. 1980 12007 12008 12009 12010 
Horizon Ah BA Btl BC 
Depth (cm) 0-15 15-35 35-70 70-120 
pH-H20(1:2.5 v/v) 5.6 5.7 5.9 6 .2 
pH-KCl Il 4.5 4.4 4.1 4.1 
EC(mS/cm) Il 0 .04 0.03 0.04 0.04 
c (%) 0.9 0.8 0.6 0.3 
N (%) n.d. 
P-Mehlich (mg/kg) 4 
CEC {me/lOOg), pH 8.2 5 .8 6.4 7.6 8.2 
Exch.Ca {me/lOOg) 1.6 0.5 0.9 0 . 9 
Exch.Mg Il 1.8 2.7 3.2 3 . 9 
Exch.K Il 0 . 2 0.1 0.1 0.1 
Exch.Na Il 0.1 tr 0.2 0.7 
Surn of bases 3.7 3.3 4.4 5.6 
Base sat.%, pH 8.2 64 52 58 68 
Exch. Al+H {me/lOOg) 0.3 
ESP at pH 8.2 2 <1 3 9 
Gravel % <2 <2 <2 <2 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0 . 05-0.002 mm n.d. 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1 . 0 mm 1 tr 0 tr 
Sand % 1.0 - 0.50 mm 2 tr 1 1 
Sand % 0.50-0.25 mm 14 7 7 7 
Sand % 0.25-0.10 mm 34 53 37 42 
Sand % 0.10-0.05 mm 9 13 10 12 
Total sand % 60 73 55 62 
Silt % 18 14 15 16 
Clay % 22 13 30 22 
Texture class SCL SL SCL SCL 
Bulk density n.d. 
Moisture % w/v at: not determined 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4.2 
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Laboratory no. 1980 11969 11970 11971 11972 11973 
Horizon Ah Bw Btl Bt2 Bt2 
Depth (cm) 0-18 18-35 35-75 75-140 140-160 
pH-H20(1:2.5 v/v) 6.0 5.9 5.0 4.6 4.7 
pH-Kel Il 5.0 4.7 3.7 3.7 3.6 
Ee(mS/cm) 
" 0.05 0.04 0.03 0.04 0 . 04 
e (%) 1.0 0.2 0.7 0.7 0.7 
N (%) n.d. 
P-Mehlich (mg/kg) 7 
eEe {me/lOOg), pH 8.2 4 . 0 3.4 7.4 8.0 8.8 
Exch.ea {me/lOOg) 2.1 tr tr tr tr 
Exch.Mg Il 1.0 0.9 0.6 0.5 0.8 
Exch.K Il 0.2 0.1 0.2 0.1 0.1 
Exch.Na Il 0.1 tr tr tr 0.1 
Sum of bases 3.4 1.0 0.8 0 . 6 1.0 
Base sat.%, pH 8.2 85 29 11 7 11 
Exch. Al+H {me/lOOg) n.d. 
ESP at pH 8.2 3 <l <1 <l <l 
Gravel % <2 <2 <2 <2 <2 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm n.d. 
elay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1.0 mm 2 1 2 2 2 
Sand % 1.0 - 0.50 mm 9 9 8 7 5 
Sand % 0.50-0.25 mm 38 35 25 20 17 
Sand % 0.25-0.10 mm 28 27 19 17 13 
Sand % 0.10-0 . 05 mm 6 6 4 5 5 
Total sand % 83 78 58 51 42 
Silt % 6 9 7 8 9 
elay % 11 13 35 41 49 
Texture class LS SL se se e 
Bulk density n.d. 
Moisture % w/v at: not determined 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4.2 
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Laboratory no . 1982 
Horizon 
Depth (cm) 
pH-H20(1:2.5 v/v) 
pH-Kel " 
Ee(mS/cm) " 
e (%) 
N (%) 
P-Mehlich (mg/kg) 
P-Olsen {ppm} 
eEe (me/lOOg}, pH 7 .0 
Exch.ea (me/lOOg) 
Exch.Mg 
Exch.K 
Exch .Na 
Il 
Il 
Il 
Sum of bases 
ESP at pH 7.0 
Exch. Al+H {me/lOOg) 
Base satur.% pH 7.0 
Gravel % 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0 .05-0 . 002 mm 
elay % 0.002-0 mm 
Texture USDA: 
Sand % 2 .0 - 1.0 mm 
Sand % 1.0 - 0.50 mm 
Sand % 0.50-0.25 mm 
Sand % 0.25-0.10 mm 
Sand % 0.10-0.05 mm 
Total sand % 
Silt % 
elay % 
Texture class 
Bulk density 
Moisture % w/v at: 
pF 0 
pF 2.0 
pF 2.3 
pF 2 . 7 
pF 3.0 
pF 3.7 
pF 4.2 
174 
7248 
Ah 
0-15 
6.0 
5.4 
0.35 
0.5 
n.d . 
11 
5 
2.9 
1.5 
0.3 
0.5 
0.2 
2.5 
8 
n.d. 
86 
<2 
8 
25 
25 
7 
1 
66 
11 
23 
SeL 
1.44 
5-10 
41.l 
22.8 
19.5 
18 . 4 
15.l 
14.2 
11.6 
7249 
BA 
30-40 
7.4 
6 . 5 
0 .08 
0.1 
2 
2.3 
1. 5 
0.5 
0.3 
0.1 
2.4 
4 
100 
<2 
n.d . 
7 
19 
21 
9 
2 
58 
10 
32 
SeL 
1. 59 
30-35 
35.0 
28.l 
25 .3 
23.9 
22 .8 
20.9 
18 . 2 
7250 
Bt 
80-90 
7.5 
6.3 
0.06 
0.1 
2 
2.7 
1.9 
0 .6 
0.2 
0.1 
2.8 
3 
100 
<2 
7 
15 
18 
10 
3 
53 
2 
45 
se 
1.64 
80-85 
34.9 
30.l 
27.7 
26 . 9 
26.0 
23.0 
21. l 
7251 
Be 
120-130 
7.5 
6 . 3 
0.05 
0.1 
2 
2 . 7 
1. 9 
0 . 6 
0.1 
0 . 2 
2.8 
6 
100 
<2 
6 
15 
20 
6 
3 
50 
13 
37 
se 
1.59 
125-130 cm 
35.l 
30.8 
28.3 
26 . 7 
n.d. 
21.4 
20 . 0 
Profile 12 
Laboratory no. 1981 51 52 53 54 
Horizon Ah Ah Btl Bt2 
Depth (cm) 0-10 10-25 25-55 55-100 
pH-H20(1:2 . 5 v/v) 5.6 5 . 9 6.2 6.2 
pH-Kel Il 4.9 5.1 5 . 2 5.3 
EC(mS/cm) Il 0 .09 0.04 0 . 04 0.03 
e (%) 0.93 0.35 0.23 0 . 23 
N (%} n.d. 
P-Mehlich (mg/kg) 5 
eEe (me/lOOg}, pH 8.2 9.4 6.0 4.5 4 . 8 
Exch.ea (me/lOOg) 4.9 3.4 3.4 1. 5 
Exch.Mg Il 1.4 0.1 0.5 tr 
Exch.K Il 0.5 0 . 1 0.1 tr 
Exch.Na Il 0 .4 0.3 0.3 0.2 
Sum of bases 7.2 3.9 4.3 1. 7 
Base sat .%, pH 8.2 77 65 96 35 
Exch . Al+H (me/lOOg} n . d. 
ESP at pH 8 . 2 
Gravel % <2 <2 <2 <2 
Texture, limited 
pretreatment : 
Sand % 2.0-0.05 mm 56 52 52 52 
Silt % 0.05-0 .002 mm 6 4 4 4 
elay % 0.002-0 mm 38 44 44 44 
Texture class se se se se 
Texture USDA : not determined 
Sand % 2.0 - 1 . 0 mm 
Sand % 1 .0 - 0.50 mm 
Sand % 0.50-0 . 25 mm 
Sand % 0.25-0.10 mm 
Sand % 0.10-0 . 05 mm 
Total sand % 
Silt % 
elay % 
Bulk density n.d. 
Moisture % w/v at: not determined 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4 . 2 
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Profile 13 
Laboratory no. 1981 
Horizon 
Depth (cm) 
pH-H20(1:2.5 v/v) 
pH-KCl 11 
EC(mS/cm) " 
c (%) 
N (%) 
P-Mehlich (mg/kg) 
CEC (me/lOOg), pH 8.2 
CEC " " pH 7.0 
Exch.Ca (me/lOOg) 
Exch.Mg " 
Exch.K " 
Exch.Na " 
Sum of bases 
Base sat.%, pH 7.0 
Exch. Al+H (me/lOOg) 
ESP at pH 7.0 
Gravel % 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1.0 mm 
Sand % 1.0 - 0.50 mm 
Sand % 0.50-0.25 mm 
Sand % 0.25-0.10 mm 
Sand % 0.10-0.05 mm 
Total sand % 
Silt % 
Clay % 
Texture class 
Bulk density 
Moisture % w/v at: 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4.2 
176 
12347 
Ah 
0-30 
5.8 
4.0 
0.15 
0.4 
n.d. 
6 
6.6 
1.1 
1.1 
0.4 
0.2 
2.7 
41 
n.d. 
3 
<2 
1 
2 
5 
17 
15 
40 
37 
23 
L 
1.38 
5-10 
49.9 
32.1 
26.0 
22.5 
12348 
BA 
30-80 
5 . 9 
4.7 
0.05 
0.2 
12.3 
0.6 
0.7 
0.1 
0.2 
1.6 
13 
2 
<2 
n.d. 
2 
2 
4 
7 
23 
38 
32 
30 
CL 
1. 31 
20-25 
50.3 
32.9 
26 .4 
21.1 
n.d. 
12349 
Bt 
80-110 
5.3 
4.3 
0.04 
0.4 
12.3 
0.8 
1.2 
0.1 
0.2 
2.3 
19 
2 
<2 
2 
2 
3 
9 
18 
34 
30 
36 
CL 
1.43 
60-65 
48 . 4 
36.8 
31.2 
25.0 
12350 
Bt 
110-150 
5.1 
4.2 
0.04 
0.2 
11. 5 
0.5 
1. 6 
0.1 
0.2 
2.4 
21 
2 
<2 
tr 
1 
4 
11 
11 
27 
45 
28 
CL 
1.44 
125-130 cm 
45.7 
37.7 
32.6 
35.0 
Profile 14 
Laboratory no. 1980 
Horizon Ah AC c c 2Bt 
Depth (cm) 0-18 18-40 40-90 90-147 147-215 
pH-H20(1:2.5 v/v) 6 . 1 n.d. n.d . 
pH-KCl Il n. d. n.d. n . d. 
EC(mS/cm) Il n.d. n . d . n . d . 
c (%) 0 . 2 
N (%) 0 . 06 
P-Mehlich (mg/kg} 14 
CEC (me/lOOg}, pH 8.2 n .d. 
Exch.Ca (me/lOOg) 1.6 
Exch.Mg Il 1.1 n.d. 
Exch.K Il 0.2 
Exch.Na Il 0.1 
Sum of bases 3 .0 
Base sat.%, pH 8 . 2 n.d. 
Exch . Al+H (me/lOOg) n.d. 
ESP at pH 8.2 n.d. 
Gravel % <2 <2 <2 <2 <2 
Texture, limited 
pretreatment: 
Sand % 2.0-0 .05 mm 
Silt % 0.05-0 . 002 mm n.d. 
Clay % 0.002-0 mm 
Texture USDA : 
Sand % 2.0 - 1 . 0 mm tr 0 0 0 0 
Sand % 1.0 - 0 . 50 mm tr tr 0 tr 0 
Sand % 0 . 50-0.25 mm 3 3 3 3 2 
Sand % 0.25-0.10 mm 50 52 49 48 32 
Sand % 0 . 10-0 . 05 mm 24 23 26 28 35 
Total sand % 77 78 78 79 69 
Silt % 13 9 13 14 15 
Clay % 10 13 9 7 16 
Texture class SL LS LS SL SL 
Bulk density n . d. 
Moisture % w/v at : not determined 
pF 0 
pF 2.0 
pF 2.3 
pF 2 . 7 
pF 3 . 0 
pF 3 .7 
pF 4.2 
177 
Profile 15 
Laboratory no. 1980 
Horizon 
Depth (cm) 
pH-H20(1:2.5 v/v) 
pH-KCl " 
EC(mS/cm) " 
c (%) 
N (%) 
P-Mehlich (mg/kg) 
CEC {me/lOOg), pH 8.2 
Exch.Ca (me/lOOg) 
Exch.Mg " 
Exch.K " 
Exch.Na " 
Sum of bases 
Base sat.%, pH 8.2 
Exch. Al+H {me/lOOg) 
ESP at pH 8.2 
Gravel % 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1.0 mm 
Sand % 1.0 - 0.50 mm 
Sand % 0.50-0.25 mm 
Sand % 0.25-0.10 mm 
Sand % 0.10-0.05 mm 
Total sand % 
Silt % 
Clay % 
Texture class 
Bulk density 
Moisture % w/v at: 
pF 0 
pF 2.0 
pF 2.3 
pF 2 .7 
pF 3.0 
pF 3.7 
pF 4.2 
178 
12527 
Ah 
0-10 
5.6 
4.4 
0.04 
0.5 
n.d. 
n.d. 
7.3 
1.3 
2. 1 
0.5 
0.1 
7.0 
55 
n.d. 
<2 
1 
1 
1 
17 
33 
53 
33 
14 
SL 
n.d. 
12528 
AB 
15-25 
5.5 
4.1 
0.06 
0.3 
10.0 
1.8 
3.5 
0.4 
0.1 
5.8 
58 
<2 
1 
1 
1 
13 
27 
43 
34 
23 
L 
not determined 
12529 
Btl 
35-45 
5.4 
4.1 
0.06 
0.3 
11.3 
1.3 
5.7 
0.3 
0.1 
7.4 
65 
<2 
n.d. 
1 
1 
l 
13 
25 
41 
29 
30 
CL 
12530 
Bt2 
60-80 
5.3 
4.1 
0.05 
0.3 
14.2 
1.1 
6.2 
0.3 
0.2 
7.8 
55 
<2 
1 
tr 
l 
9 
20 
31 
25 
44 
c 
12531 
Bt2 
80-100 
5.4 
3.9 
0.07 
0 . 1 
14.5 
1.8 
5.9 
0.5 
0.3 
8.5 
59 
<2 
1 
tr 
l 
7 
12 
21 
42 
37 
CL 
Profile 16 
Laboratory no. 1981 52 53 54 126/127 
Horizon Ah BA Btgl Btg2 
Depth (cm) 0-9 9-37 37-63 63-90 
pH-H20(1 : 2.5 v/v) 5.6 5 . 6 6.1 6 . 3 
, pH,-KCl 
" 4.9 4 . 6 5 . 1 5.2 
EC(mS/cm) " 0.06 0.05 0 . 07 0 . 65 
c (%) 0 . 5 0 .4 0.3 0.3 
N (%) n.d . 
P-Mehlich {mg/kg) 6 
CEC (me/lOOg), pH 7.0 2.8 10 . 0 ll. 7 18 .6 
Exch.Ca (me/lOOg) 1.8 1. 7 3.3 4.1 
Exch.Mg " 0 . 9 1.2 4 . 9 6 .9 
Exch.K " 0.1 0.1 0.3 0 .3 
Exch .Na " tr 0.3 1.8 4 . 0 
Sum of bases 2 .8 3 .3 10.3 15 . 3 
Base sat .%, pH 7.0 51 51 88 82 
Exch. Al+H {me/lOOg) n . d . 
ESP at pH 7.0 15 22 
Gravel % <2 <2 <2 <2 
Texture, limited 
pretreatment: 
Sand % 2.0- 0.05 mm 
Silt % 0 .05-0.002 mm n . d. 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1 . 0 mm 1 1 1 2 
Sand % 1.0 - 0.50 mm 4 5 3 3 
Sand % 0 . 50-0 . 25 mm 28 30 18 15 
Sand % 0 . 25-0.10 mm 39 34 20 14 
Sand % 0 .10-0 . 05 mm 9 8 10 10 
Total sand % 81 78 52 44 
Silt % 10 12 23 15 
Clay % 9 10 25 41 
Texture class LS SL SCL SC/C 
Bulk density 1.66 1.54 1. 71 1. 79 
Moisture % w/v at : 5-10 20-25 40-45 70-75 cm 
pF 0 37.3 40.9 35 .6 36.9 
pF 2 . 0 25 . 2 25.6 31.0 35.5 
pF 2.3 13.0 12.9 27.4 34.1 
pF 2.7 12.3 12.3 25 .4 32.9 
pF 3.0 8.6 7 .7 23 . 8 32 . 0 
pF 3.7 5.6 4.7 19.4 26.4 
pF 4.2 5 .0 4.3 16.2 21.3 
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Profile 17 
Laboratory no. 1980 
Horizon 
Depth (cm) 
pH-H20(1:2.5 v/v) 
pH-KCl " 
EC(mS/cm) " 
c (%) 
N (%) 
P-Mehlich (mg/kg) 
CEC (me/lOOg}, pH 8.2 
Exch.Ca (me/lOOg) 
Exch.Mg " 
Exch.K " 
Exch.Na " 
Sum of bases 
Base sat .%, pH 8.2 
Exch. Al+H (me/lOOg) 
ESP at pH 8.2 
Gravel % 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm 
Clay % 0.002-0 mm 
Texture class 
Texture USDA: 
Sand % 2.0 - 1.0 mm 
Sand % 1.0 - 0.50 mm 
Sand % 0 . 50-0.25 mm 
Sand % 0.25-0.10 mm 
Sand % 0.10-0 . 05 mm 
Total sand % 
Silt % 
Clay % 
Texture class 
Bulk density 
Moisture % w/v at: 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3 . 0 
pF 3.7 
pF 4 . 2 
180 
1742 
Ap 
0-22 
6.2 
5.1 
0.75 
2.1 
n.d. 
33 
37.0 
24.4 
13 . 3 
1.8 
1.1 
40.6 
100 
2.1 
3 
<2 
10 
26 
64 
c 
1743 
Ah 
22-32 
6 . 2 
4.8 
0.21 
0 . 7 
32.0 
15.8 
14.1 
0.5 
1.3 
31. 7 
99 
4 
2-15 
12 
22 
66 
c 
not determined 
n.d . 
not determined 
1744 
AC 
32-62 
6 . 7 
4.9 
0 . 22 
0 . 5 
37 . 0 
17 . 1 
14.1 
0 . 3 
2.3 
33.8 
94 
6 
2-15 
12 
18 
70 
c 
1745 
Cl 
62-112 
6.8 
5 .4 
0.24 
0 . 6 
32.0 
22.4 
15 . 3 
0.4 
3.8 
41.9 
100 
12 
2-15 
12 
16 
72 
c 
Profile 18 
Laboratory no. 1982 7357 7358 7359 7360 
Horizon Ahl Ah2+Ccs Cca/cs Cca/cs 
Depth (cm) 0-20 20-75 75-102 102-115 
1 pH-H2 0(1:2.5 v/v) 6.7 6.7 7 .3 7.5 
pH-KCl " 5.6 5.1 6.1 5.9 
. EC(mS/cm) " 0.09 0.29 0.12 0.45 
c (%) 1.4 0.9 0.7 1.5 
N (%) n.d. 
P-Mehlich (mg(kg) 16 
CEC (me/lOOg), pH 8.2 31.l 32.7 32.7 24.3 
Exch.Ca (me/lOOg) 5.5 7.4 9 . 9 3.1 
Exch.Mg Il 2.2 2.6 2.8 2.2 
Exch.K Il 1.3 0.5 0.5 0.5 
Exch.Na Il 0.1 0.2 0.3 0.3 
Stun of bases 9.1 10.7 13.5 6.1 
Base sat.%, pH 8.2 29 33 41 25 
Exch. Al+H (me/lOOg) n .d. 
ESP at pH 8.2 
Gravel % <2 2-15 15-50 15-50 
Texture, limited 
pretreatment : 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm n .d. 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1.0 mm 2 2 3 4 
Sand % 1.0 - 0.50 mm 2 3 2 2 
Sand % 0.50-0.25 mm 1 1 1 1 
Sand % 0.25-0.10 mm 1 1 1 1 
Sand % 0.10-0.05 mm 1 tr 1 1 
Total sand % 7 7 8 9 
Silt % 20 15 18 26 
Clay % 73 78 74 65 
Texture class c c c c 
Bulk density n.d. 
Moisture % w/v at: not determined 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4.2 
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Laboratory no. 1981 
Horizon 
Depth (cm) 
pH-H20(1 : 2 . 5 v/v) 
pH-KCl " 
EC(mS/cm) " 
c (%) 
N (%) 
P-Mehlich (mg/ kg) 
CEC (me/lOOg) , pH 7.0 
Exch .Ca (me/lOOg) 
Exch . Mg " 
Exch . K " 
Exch.Na " 
Sum of bases 
Base sat .%, pH 7.0 
Exch. Al+H (me/lOOg) 
ESP at pH 7.0 
Gravel % 
Texture, limited 
pretreatment : 
Sand % 2.0-0.05 mm 
Silt % 0 . 05-0.002 mm 
Clay % 0.002-0 mm 
Texture class 
Texture USDA : 
Sand % 2 .0 - 1 . 0 mm 
Sand % 1 .0 - 0 . 50 mm 
Sand % 0 . 50-0.25 mm 
Sand % 0 . 25-0.10 mm 
sand % 0 . 10-0.05 mm 
Total sand % 
Silt % 
Clay % 
Texture class 
Bulk density 
Moisture % w/v at: 
pF 0 
pF 2.0 
pF 2 .3 
pF 2 .7 
pF 3 .0 
pF 3 . 7 
pF 4 . 2 
182 
6494 
Ah 
0-13 
6.7 
4.2 
0 .03 
0 . 5 
n.d. 
n . d . 
4.2 
1.6 
0 . 6 
0 . 1 
0.2 
2.5 
59 
n .d . 
<2 
96 
2 
2 
s 
6495 
CA 
13-50 
5.6 
4 . 0 
0 .02 
0.3 
4.8 
0 . 6 
1.2 
0.1 
0 . 1 
2.4 
50 
<2 
92 
2 
6 
s 
not determined 
n.d . 
not determined 
6496 
Cl 
50-100 
5. 2 
4 . 1 
0.03 
0.4 
1.8 
1.0 
0 . 1 
0 . 1 
tr 
0.8 
44 
<2 
88 
4 
8 
s 
6497 
Cl 
100-150 
5.1 
4 .0 
0.02 
0 .4 
1.4 
1. 0 
0 . 1 
0 . 1 
tr 
1.2 
86 
<2 
86 
2 
12 
LS 
Profile 20 
Laboratory no. 1982 7239 7240 7241 7242 
Horizon Ah BA Btl BC 
Depth {cm) 5-15 40-50 80-90 120-130 
pH-H20{1:2.5 v/v) 6.5 6.6 6.4 5.7 
pH-KCl Il 5.1 5.3 5 . 2 5.0 
EC(mS/cm) Il 0.03 0.03 0.04 0.04 
CaC03 {%) n .d. 
c (%) 0.4 0.2 0.1 0.1 
N (%) n .d. 
P-Mehlich (mg/kg) 16 
P-Olsen (ppm) 3 2 1 1 
CEC (me/lOOg), pH 7.0 2.5 1.3 1. 5 1.5 
Exch.Ca (me/IOOg) 0.9 0.8 0.8 0.6 
Exch.Mg Il 0.3 0.2 0.2 0.2 
Exch.K Il 0 . 5 0.3 0.2 0.2 
Exch.Na Il 0.1 tr 0.1 0.1 
Sum of bases 1.8 1.3 1.3 1.1 
Base sat.%, pH 7.0 72 100 81 73 
Exch. Al+H {me/lOOg) n.d. 
ESP at pH 7 . 0 4 <3 7 8 
Gravel % <2 <2 <2 <2 
Texture, li.mited 
pretreatment: 
Sand % 2.0-0.05 mm 84 76 72 74 
Silt % 0.05-0.002 mm 2 2 0 2 
Clay % 0.002-0 mm 14 22 28 24 
Texture class SL SCL SCL SCL 
Texture USDA: not determined 
Sand % 2.0 - 1.0 mm 
Sand % 1.0 - 0.50 mm 
Sand % 0.50-0.25 mm 
Sand % 0.25-0.10 mm 
Sand % 0.10-0.05 mm 
Total sand % 
Silt % 
Clay % 
Texture class 
Bulk density 1.38 1.34 1.52 1.52 
Moisture % w/v at: 5-10 40-45 85-90 125-130 cm 
pF 0 46.9 44.1 39.3 38.7 
pF 2.0 16.1 18.7 23.3 22.3 
pF 2.3 13.1 15.2 18.4 17.6 
pF 2.7 12.5 14.9 18.1 16.2 
pF 3.0 10.1 11.4 14.2 12.5 
pF 3.7 8.6 10.2 12.6 11.1 
pF 4.2 7.8 9.6 12.3 10.5 
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Laboratory no. 
Horizon Ah 
Depth (cm) 0-13 
pH-H20(1:2.5 v/v) n.d. 
pH-KCl " n.d. 
EC(mS/cm) " n.d. 
C (%) n.d. 
N (%) n.d. 
P-Mehlich (mg/kg) n.d. 
CEC (me/lOOg), pH 8.2 n.d. 
Exch.Ca (me/lOOg) n.d. 
Exch.Mg " n.d. 
Exch. K " n. d. 
Exch.Na Il 
Sum of bases 
Base sat.%, pH 8.2 
Exch. Al+H (me/lOOg) 
ESP at pH 8.2 
Gravel % 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1.0 mm 
Sand % 1.0 - 0.50 mm 
Sand % 0.50-0 . 25 mm 
Sand % 0.25-0.10 mm 
Sand % 0.10-0.05 mm 
Total sand % 
Silt % 
Clay % 
Texture class 
Bulk density 
Moisture % w/v at: 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4.2 
184 
n.d. 
n.d. 
n . d. 
n.d. 
<2 
1 
12 
51 
19 
1 
84 
5 
11 
LS 
1.62 
5-10 
38.9 
18.6 
15.9 
12.2 
8.6 
5.5 
5.4 
Bt 
13-50 
<2 
1 
16 
50 
16 
tr 
83 
3 
14 
LS 
1.53 
20-25 
44 .9 
16.2 
13.8 
11.0 
6.6 
5.3 
5.2 
Bt 
50-98 
<2 
n.d. 
1 
16 
48 
16 
1 
82 
3 
15 
SL 
1.58 
60-65 
41.6 
21.0 
17.9 
13 . 5 
9.1 
6.2 
6.1 
BC CB 
98-150 150-175 
<2 
1 
12 
42 
20 
1 
76 
17 
7 
SL 
1.56 
120-125 
41. 7 
22.1 
19 .4 
14.l 
8.1 
7.3 
7. 4 
<2 
1 
14 
45 
16 
1 
77 
18 
5 
SL 
1.64 
160-165 cm 
35.4 
23.3 
20.1 
14.7 
7.5 
8.3 
7.4 
Profile 22 
Laboratory no. 
Horizon Ah Eg Btgl Btg2 Btg2 
Depth (cm) 0-6 6-40 40-105 105-130 130-190 
pH-H20(1:2 . 5 v/v) 6.3 6.0 6.0 6.4 6.1 
pH-KCl Il n.d. 
EC(mS/cm) Il n.d. 
c (%) 0.4 0.3 0.2 0.1 0 .2 
N (%} 0.07 
P-Mehlich (mg/kg) 3 
CEC (me/lOOg), pH 8.2 n.d. n.d. 
Exch.Ca (me/lOOg) 0.6 
Exch.Mg Il 0.9 
Exch.K Il 0.09 
Exch.Na Il n.d. n.d. 
Sum of bases n.d. n.d. 
Base sat.%, pH 8.2 n.d. n.d. 
Exch. Al+H (me/lOOg) n.d. n.d. 
ESP at pH 8.2 
Gravel % <2 <2 <2 <2 <2 
Texture, limited 
pretreatment : 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm n.d. 
Clay % 0.002-0 mm 
Texture USDA: 5-10 20-25 40-45 80-85 100-105 140-145 cm 
Sand % 2.0 - 1.0 mm tr tr 0 0 0 tr 
Sand % 1.0 - 0.50 mm tr tr tr tr tr tr 
Sand % 0.50-0.25 mm 1 1 1 1 1 1 
Sand % 0.25-0.10 mm 43 38 46 34 32 28 
Sand % 0.10-0.05 mm 28 25 25 24 19 19 
Total sand % 72 64 72 59 52 48 
Silt % 16 25 20 16 17 20 
Clay % 12 11 8 25 31 32 
Texture class SL SL SL SCL SCL SCL 
Bulk density 1.43 1.38 1.41 1. 79 1.87 1.81 
Moisture % w/v at: 
pF 0 47.5 47.5 46.1 35.4 39 . 3 41.6 
pF 2.0 34.8 37.8 37.6 34.4 38.1 39.8 
pF 2.3 31.1 23.8 27.0 34.1 37.3 39.2 
pF 2.7 24.4 18.6 24.3 33.6 36.9 38.3 
pF 3.0 8.8 6.2 6.2 33.6 35.6 36.2 
pF 3.7 6.1 4.3 4.2 21. 5 26.0 28.0 
pF 4.2 4.8 3.5 3.2 17.6 21.3 21.6 
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Laboratory no . 1982 5159 5160 5161 5162 5163 
Horizon Ah AB Btl Bt2 Bt3 
Depth (cm) 0-40 40-80 80-115 115-160 160-210 
pH-H20(1:2 .5 v/v) 7.3 7.4 7.6 7.0 7.0 
pH-KCl Il 6.7 6.5 6 .5 6.4 6.2 
EC(mS/cm) Il 0.10 0.09 0.06 0.07 0.09 
c (%) 0.3 0.2 0.1 0.2 0.3 
N (%) n.d. 
P-Mehlich (mg/kg) 38 (0-20 cm) 
CEC (me/lOOg), pH 8.2 3.2 2.2 3.4 4 .0 5 .0 
Exch.Ca (me/lOOg) 1. 7 1.3 1.1 0.7 0.9 
Exch . Mg Il 0.7 0.5 1.5 1.8 0.8 
Exch.K Il 0.3 0 . 3 0.8 1.1 2.3 
Exch.Na Il tr tr tr tr 0.2 
Sum of bases 2.7 2.1 3.4 3.6 4 .2 
Base sat.%, pH 8.2 84 95 100 90 84 
Exch. Al+H (me/lOOg) n.d. 
ESP at pH 8.2 
Gravel % <2 <2 <2 <2 <2 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm n.d. 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1.0 mm tr tr 1 1 1 
Sand % 1.0 - 0.50 mm 3 4 4 5 4 
Sand % 0.50-0.25 mm 35 36 35 35 35 
Sand % 0.25-0.10 mm 40 39 35 31 31 
Sand % 0.10-0.05 mm 7 7 7 5 5 
Total sand % 85 86 82 77 76 
Silt % 4 2 2 3 2 
Clay % 11 12 16 20 22 
Texture class LS LS SL SCL SCL 
Bulk density 1.27 1.42 1.40 1.56 1.49 
Moisture % w/v at : 5-10 20- 25 60-65 120-125 160-165 cm 
pF 0 45 .3 44.4 43 . 1 42 .0 45.8 
pF 2.0 21.5 21.3 23.6 27.0 29.3 
pF 2.3 10 .0 9.1 12.7 18 .9 19 .1 
pF 2.7 9.4 8.5 10.5 17.1 16.8 
pF 3.0 4 . 1 3.7 5.9 9.8 8.6 
pF 3.7 3.7 3.1 4.4 8.1 7.2 
pF 4 .2 3.3 2.1 3.1 5.9 5 .8 
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Laboratory no. 1982 5164 5165 5166 5167 
Horizon Ah AB Btl Bt2 Bt2 
Depth (cm) 0-10 10-50 50-100 100-150 150-200 
pH-H20(1 :2 .5 v/v) 7 .1 7 .1 7.0 6.9 
pH-KCl Il 6.1 6.2 6.2 6.1 
EC(mS/cm) Il 0.07 0.06 0.05 0 .05 
c (%) 0.3 0.2 0 . 3 0.1 
N (%) n.d. 
P-Mehlich (mg/kg) 8 (0-20 cm) 
CEC (me/lOOg), pH 8 .2 2 . 5 2.0 2.5 1.9 
Exch.Ca (me/lOOg) 1.9 1.5 1.5 1.3 
Exch.Mg Il 0.5 0 . 3 0.6 0.8 
Exch.K Il 0.2 0 .1 0.2 0.2 
Exch.Na Il tr tr tr tr 
Sum of bases 2.6 1.9 2.3 2.3 
Base sat.%, pH 8 . 2 100 100 92 100 
Exch. Al+H (me/lOOg) n.d 
ESP at pH 8 .2 
Gravel % <2 <2 <2 <2 
Texture, limited 
pretreatment : 
Sand % 2.0-0 . 05 mm 
Silt % 0.05-0 . 002 mm n.d. 
Clay % 0.002-0 mm 
Texture USDA : 
Sand % 2.0 - 1.0 mm tr tr tr tr tr 
Sand % 1.0 - 0 . 50 mm 1 1 2 1 2 
Sand % 0 . 50-0.25 mm 20 20 27 22 27 
Sand % 0.25-0.10 mm 43 46 39 40 39 
Sand % 0.10-0.05 mm 15 14 9 11 8 
Total sand % 79 81 77 74 76 
Silt % 9 8 5 8 6 
Clay % 12 11 18 18 18 
Texture class LS LS SL SL SL 
Bulk density 
Moisture % w/v at : not determined 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3 . 7 
pF 4 . 2 
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Profile 25 
Laboratory no. 1980 12959 12960 12961 12962 12963 
Horizon Ah AB Bwl Bw2/R Bw2/R 
Depth (cm) 0-20 20-60 60-100 100-140 140-160 
pH-H20(1 :2.5 v/v) 7.6 7.6 7.5 7.7 7.8 
pH-KCl Il 7.0 6.6 6.4 6.5 6.4 
EC(mS/cm) " 0.05 0 . 04 0.03 0.04 0.04 
c (%) 0.5 0.4 0.2 0.2 0.2 
N (%) 0 . 06 
P-Mehlich (mg/kg) n . d. 
CEC (me/lOOg), pH 8.2 3.1 3.0 2.3 2.2 2.4 
Exch.Ca (me/lOOg) 2.8 2.6 2.0 1.8 2.0 
Exch.Mg Il 0.3 0.2 0.3 0.3 0.4 
Exch.K Il 0.2 0.1 0.1 0.1 0 .1 
Exch.Na Il tr tr 0.05 0.1 tr 
Sum of bases 3.3 2.9 2.45 2.3 2.5 
Base sat.%, pH 8.2 100 99 100 100 100 
Exch. Al+H (me/lOOg) n.d. 
ESP at pH 8.2 
Gravel % <2 <2 <2 <2 <2 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0.05- 0.002 mm n.d. 
Clay % 0.002- 0 mm 
Texture USDA: 
Sand % 2.0 - 1.0 mm tr tr tr tr tr 
Sand % 1.0 - 0.50 mm 3 3 3 3 4 
Sand % 0.50-0.25 mm 32 31 31 31 29 
Sand % 0.25-0.10 mm 51 51 51 51 52 
Sand % 0.10-0.05 mm 5 5 5 4 2 
Total sand % 91 90 90 89 87 
Silt % 1 3 2 2 3 
Clay % 8 7 8 9 10 
Texture class s s s s s 
Bulk density 1.45 1.46 1. 61 1.63 1.63 
Moisture % w/v at: 5-10 20-25 60-65 120-125 160-165 cm 
pF 0 43.0 38.2 34.3 32.2 33.6 
pF 2.0 15.7 14.9 13.4 12.6 14.7 
pF 2.3 12.7 11.2 10.0 8.8 10.7 
pF 2.7 11.3 10.l 8.5 7.4 9.1 
pF 3.0 4.5 3.9 4.4 4.9 5.3 
pF 3.7 2 .9 2.9 3 . 2 3.5 3 .4 
pF 4.2 2.0 2.2 2.3 2.8 3.1 
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Profile 26 
Laboratory no. 1980 1746 1747 1748 1749 
Horizon Ah Btl Bt21 Bt22 
Depth (cm) 0-22 22-50 50-99 99-145 
pH-H20(1:2.5 v/v) 6.4 6.2 6.4 6 . 2 
pH-KCl Il 5 .2 4 . 8 5.0 5.1 
EC(mS/cm) Il 0.60 0.04 0.05 0.03 
c (%) 0 . 3 0.6 0.2 0.5 
N (%) n . d . 
P-Mehlich {mg/kg) 6 
CEC {me/lOOg), pH 8 .2 6.1 4.8 8.29 7.1 
Exch.Ca (me/lOOg) 3.2 2.1 4.0 3 . 6 
Exch.Mg Il 1.1 0.9 l. 7 1.5 
Exch.K Il 0.2 0.2 0.3 0 . 1 
Exch.Na Il 0 . 7 0.6 1.0 0 .4 
Sum of bases 5.2 3.8 7.0 5.6 
Base sat.%, pH 8.2 85 7.9 85 79 
Exch . Al+H (me/lOOg) n.d. 
ESP at pH 8.2 6 5 5 3 
Gravel % <2 <2 <2 <2 
Texture, limited 
pretreatment : 
Sand % 2.0-0 . 05 mm 
Silt % 0.05-0.002 mm n.d. 
Clay % 0.002-0 mm 
Texture USDA: 
Sand % 2.0 - 1 .0 mm 7 4 6 4 
Sand % 1.0 - 0.50 mm 22 14 17 15 
Sand % 0.50-0.25 mm 22 20 17 18 
Sand % 0.25-0 . 10 mm 27 31 25 28 
sand % 0.10-0.05 mm 6 8 15 5 
Total sand % 84 77 80 70 
Silt % 6 6 3 5 
Clay % 10 17 27 25 
Texture class LS SL SCL SCL 
Bulk density 1.50 l. 76 1.64 1.67 1.64 
Moisture % w/v at: 5-10 25-30 50-55 80-85 120-125 cm 
pF 0 40.9 32.0 34.6 34.0 36.8 
pF 2.0 12.6 19.6 24.2 23.4 22.7 
pF 2.3 10 . l 17.0 21.4 19.9 18.l 
pF 2.7 9.6 16.4 20.9 19 .3 17.2 
pF 3.0 6.2 13.3 19.6 16.9 14.9 
pF 3.7 4.4 9.4 13.4 12.3 12.0 
pF 4.2 4.0 8.6 12.6 11.2 10.5 
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Profile 27 
Laboratory no. 1982 
Horizon 
Depth (cm) 
pH-H20(1:2.5 v/v) 
pH-KCl " 
EC(mS/cm) " 
c (%) 
N (%) 
P-Mehlich (mg/kg) 
CEC (me/lOOg), pH 8.2 
Exch.Ca (me/lOOg) 
Exch.Mg " 
Exch.K " 
Exch.Na " 
Sum of bases 
Base sat.%, pH 8.2 
Exch. Al+H (me/lOOg) 
ESP at pH 8.2 
Gravel % 
Texture, limited 
pretreatment : 
Sand % 2.0-0.05 mm 
Silt % 0.05-0 .002 mm 
Clay % 0.002-0 mm 
Texture class 
Texture USDA: 
Sand % 2.0 - 1.0 mm 
Sand % 1.0 - 0.50 mm 
Sand % 0.50-0.25 mm 
Sand % 0.25-0.10 mm 
Sand % 0.10-0.05 mm 
Total sand % 
Silt % 
Clay % 
Texture class 
Bulk density 
Moisture % w/v at: 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4 . 2 
190 
7376 
Ah 
0-19 
6.1 
5.2 
0.04 
1.1 
n.d . 
8 
2.2 
0.8 
0.4 
0.2 
tr 
1.4 
64 
n . d . 
<2 
92 
4 
4 
s 
7377 
AB 
19-60 
5 . 8 
4 . 8 
0.05 
0.3 
2.9 
1.3 
0.2 
0 . 5 
tr 
2 . 0 
69 
<2 
88 
4 
8 
LS 
not determined 
n.d. 
not determined 
7378 
Btl 
60-82 
5.0 
4.4 
0.04 
0.2 
7.3 
2.7 
0.5 
0.5 
tr 
3.7 
51 
<2 
74 
4 
22 
SCL 
7379 
Bt2 
82-102 
6.1 
4.9 
0.04 
0.1 
5.7 
2.5 
0.6 
0.6 
tr 
3.7 
65 
<2 
74 
4 
22 
SCL 
7380 
Bt2 
102-150 
6.6 
4.9 
0.05 
0.1 
5.7 
1.4 
0.3 
0.4 
tr 
2.1 
36 
<2 
78 
4 
18 
SL 
Profile 28 
Laboratory no . 1980 
Horizon 
Depth {cm) 
pH-Hz0(1 :2.5 v/v) 
pH-KÇl 11 
EC(mS/cm) 11 
c (%) 
N (%) 
P-Hehlich (mg/kg) 
CEC (me/lOOg) , pH 8.2 
Exch.Ca (me/lOOg) 
Exch.Hg 11 
Exch.K 11 
Exch .Na 11 
Sum of bases 
Base sat . %, pH 8.2 
Exch. Al+H (me/lOOg) 
ESP at pH 8 . 2 
Gravel % 
Texture, limited 
pretreatment : 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm 
Clay % 0.002-0 mm 
Texture USDA : 
Sand % 2.0 - 1 . 0 mm 
Sand % 1 . 0 - 0 . 50 mm 
Sand % 0 . 50-0 . 25 mm 
Sand % 0 . 25-0.10 mm 
Sand % 0 . 10- 0.05 mm 
Total sand % 
Silt % 
Clay % 
Texture c lass 
Bulk density 
Hoisture % w/v at : 
pF 0 
pF 2 . 0 
pF 2 . 3 
pF 2 . 7 
pF 3 . 0 
pF 3 . 7 
pF 4 . 2 
Ah 
0-18 
6 . 5 
5.6 
0.04 
0 .7 
n.d. 
n.d. 
4.3 
3 . 7 
0 .6 
0 .2 
0 . 1 
4 .6 
87 
n . d. 
2 
<2 
n.d. 
n.d. 
n.d. 
56 
5 
86 
5 
9 
LS 
1.38 
5-10 
44.4 
15 .4 
11.8 
ll. 7 
6 . 9 
4.4 
3. 1 
AB 
18-46 
6 .9 
5.9 
0.05 
0 . 2 
6.4 
4.8 
0.9 
0 . 2 
0 . 2 
6 . 1 
95 
3 
<2 
n.d. 
59 
10 
81 
9 
19 
LS 
1.45 
30-35 
44 . 9 
17.2 
13 . 7 
13.4 
9.1 
4 . 2 
3.4 
Btl 
46-60 
6 . 2 
4 . 8 
0.03 
0 . 5 
6.4 
3.3 
1.5 
0 . 2 
0 . 2 
5.2 
81 
3 
<2 
48 
8 
79 
3 
19 
SL 
1.43 
45- 50 
41.3 
16 . 6 
13 .2 
13 . 1 
9 .6 
8 .6 
7.8 
Bt2/R 
60-80 
6.2 
4.9 
0.02 
0.5 
5 . 8 
3. 3 
1.6 
0 . 2 
0 . 3 
5.4 
79 
4 
2-15 
48 
9 
77 
0 
23 
SCL 
1.43 
85-90 cm 
39.8 
20 .4 
15 .3 
15.7 
10 . 5 
8 .0 
7 . 3 
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Profile 29 
Laboratory no. 1980 
Horizon 
Depth (cm) 
pH-H20(1:2.5 v/v) 
pH-KCl " 
EC(mS/cm) " 
c (%) 
N (%) 
P-Mehlich (mg/kg) 
CEC (me/lOOg), pH 8.2 
Exch.Ca (me/lOOg) 
Exch.Mg " 
Exch.K " 
Exch.Na " 
Sum of bases 
Base sat.%, pH 8.2 
Exch. Al+H {me/lOOg) 
ESP at pH 8 .2 
Gravel % 
Texture, limited 
pretreatment: 
Sand % 2.0-0.05 mm 
Silt % 0.05-0.002 mm 
Clay % 0.002-0 mm 
Texture class 
Texture USDA: 
Sand % 2.0 - 1.0 mm 
Sand % 1.0 - 0.50 mm 
Sand % 0.50-0.25 mm 
Sand % 0.25-0.10 mm 
Sand % 0.10-0.05 mm 
Total sand % 
Silt % 
Clay % 
Texture class 
Bulk density 
Moisture % w/v at: 
pF 0 
pF 2.0 
pF 2.3 
pF 2.7 
pF 3.0 
pF 3.7 
pF 4.2 
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1756 
Ahl/Ah2 
0-25 
7.8 
7.0 
0 .35 
1.4 
0.2 
23 
36.5 
28.0 
9.8 
0.7 
2.2 
40.7 
100 
n .d . 
6 
<2 
10 
35 
55 
c 
1757 
AC 
25-56 
8 . 1 
7.1 
0.45 
1.9 
31. 5 
24.4 
ll. 7 
0.4 
3.9 
40.4 
100 
12 
<2 
10 
36 
54 
c 
not determined 
n.d. 
not determined 
1758 
Clca 
56-85 
8.1 
7.2 
1.60 
1.2 
35.3 
18 .0 
12.7 
0.4 
4.4 
35.5 
100 
12 
<2 
8 
26 
66 
c 
1759 
C2ca 
85-135 
8.1 
7.3 
3.00 
1.0 
34.3 
17.4 
13.7 
0.7 
5.7 
37.5 
100 
17 
<2 
10 
20 
70 
c 
Profile 30 
Laboratory no. 1980 12468/9 12470 12471 
Horizon Ah Btgl Btg2 
Depth (cm) 0-30 30-60 60-150 
pH-H20(1:2 .5 v/v) 5 .8 5.5 5.2 
pH-KCl Il 4 . 2 3.9 3 .8 
EC(mS/cm) Il 0.02 0.02 0 .03 
c (%) 0.7 0.2 0.3 
N (%) n.d. 
P-Mehlich (mg/kg) n .d. 
CEC (me/lOOg), pH 8.2 n.d. 5.8 10.0 
Exch.Ca (me/lOOg) n.d. 1.8 2.5 
Exch.Mg Il n.d. 0.9 2.5 
Exch.K Il n.d. 0.2 0.2 
Exch.Na Il n . d. 0.1 0.3 
Sum of bases n.d. 3.0 5.5 
Base sat.%, pH 8.2 n.d. 52 55 
Exch . Al+H (me/lOOg) 
ESP at pH 8.2 
Gravel % <2 2-15 2-15 
Texture, limited 
pretreatment: 
Sand % 2.0-0 . 05 mm 
Silt % 0 . 05-0.002 mm n.d. 
Clay % 0 . 002-0 mm 
Texture USDA : 
Sand % 2.0 - 1.0 mm 1 1 2 
Sand % 1 . 0 - 0.50 mm 3 3 2 
Sand % 0.50-0.25 mm 14 14 11 
Sand % 0.25-0.10 mm 29 28 26 
Sand % 0.10-0.05 mm 6 6 5 
Total sand % 53 53 46 
Silt % 32 19 16 
Clay % 15 29 38 
Texture class L SCL se 
Bulk density 1.53 1.67 1.63 1. 79 
Moisture % w/v at: 5-10 25-30 58-63 90-95 cm 
pF 0 37.0 33.8 32.5 31.0 
pF 2.0 27.8 24.6 23.1 25.7 
pF 2.3 24.1 22.2 20.6 25.8 
pF 2.7 23.3 21.6 20.0 25.2 
pF 3.0 18.2 16.l 16 .6 24.8 
pF 3.7 12.5 10.9 13.5 21.9 
pF 4.2 8 .8 7.5 8.9 17.9 
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f-' Appendix 7. Land-evaluation key ~ ij:> 
Land Haize Sorghum Millet Rice Cassava Sweet Cowpea French Green Sun- Cotton Simsim Vege- Cashew Coco- Pine- Sisal 
unit beans gram flower tab les nut apple 
1 Sl-2d Sl - S2d S3v S3v S2s S2s - Sl-2d S2m S2ms S2s S3v S3v S2m S2s 
2 S3f S3f - Nd S2f S2f S2m S3f - S2f S3f S2m S2m Sl S3m S2m Sl 
3 Nf Nf 
- Nd S3r S3r S2m Nf - S2f Nf S2m S2m S3r S3mr S3f S2r 
4 S3df s3df - S2f S3d S3d S3d S3df - S3d S3f S2d S3d S3d S3d S3d S3d 
5 S3f S3f - S2m S2f S2f Sl S3f - S2f S3f S2m Sl Sl S2m S2m Sl 
6 Nds Nds - Ns Nds Nds Nds Nds - Nds Nds Nds Nds Nds Nds Nds Nds 
7 S3d S2d - Sl S3d S3d S3d S3d - S3d S3d S3d S3d Nd Nd S3d S3d 
8 Sl-2d Sl - S2d S3v S3v S2s S2s - Sl-2d S2m S2ms S2ms S3v S3v S2m S2vs 
9 S3f S3f - Nd S2mf S2f S2m S3f - S2f S3f S2m S2m S2m S3m S2m Sl 
10 Nf Nf - Nd S3vr S3vr S2m Nf - S2f Nf S2m S2m S3vr S3vr S3f S2vr 
11 S2f/3m S2f/2f - S3d Sl Sl / 2m Sl/3m S2f - /S2f Sl S2mf S2m/ 2m Sl S2m S2m Sl Sl 
12 S3f/3f S3f /3f - S3d S2f S2f/2f Sl/3m S3f - /S3m S2f S3f Sl/2m S2m S2m S3m S2f Sl 
13 S3f/3f S3f/3f S2f Nm S2f S2f S2f/3m S3f - / S3m S2f S3f S2f/2f S2f S2m S2m S2f S2f 
14 Nf Nf S2f/2f Nd S3f S3f/3f S2f/2f Nf S2f/3m S3f Nf S2f/2f S2f S2f S3m S3f S2f 
15 S2m/3m Sl/3m S2s/2ms S3m S3v S3v S2s/3m S2ms - / S3m Sl S2m S2s/2ms S2ms S3v S3v S2m S2v 
16 S2f/3m S2f/3m Sl/2m S3d S2m Sl/3m Sl/3m S2f -/S3m Sl S2mf Sl/2m S2m S2m S3m Sl Sl 
17 S3f/3f S3f/ 3f Sl/2m Nm S2f S2f/3m Sl/3m S3f Sl/3m S2f S3mf Sl/2m S2m S2m S3m S2rlf Sl 
18 S3f/3f S3f/3f S2f/2f Nd S2mf S2f/3m S2m S3f S2f/3m S2f S3f S2m/2m S2m S2m S3m S2m Sl 
19 S3s/3s S3s/3s Ns S3s Ns S3s Ns Ns Ns S3s S3f Ns Ns Ns S3m S3s Ns 
20 Nf Nf S2f/2f Nm S3f S3f/3f S2f/2f Nf S2f/ 3m S3f Nf S2f/ 2f S3m S2mf Nm S3f S2f 
21 Nf Nf S2f/3m Nm S3f S3f/Nm S2f/3m Nf S2f/Nm S3f Nf S2f/ 3m S3m S3m Nm S3m S2f 
22 S3f/3f S3f/3f S3s/3s Nm S3sr S3r/ 3r S3s/3s S3s S3s/ 3s S2s S3mf S3s/ 3s S3s S3sr S3r S2ms S3s 
23 S3f S3f Sl/ 2m Nm S2f S3m S2m/3m S3f S2m/3m S2f Nm S2m/ 3m S3m S3m Nm S3m S2m 
24 S3s S3s Ns Nm Ns S3s Ns Ns Ns S3s S3m Ns Ns Ns Nm Ns Ns 
25 Nm S3f/3f S3s/3ms Nm S3sr Nm S3s/3s S3ms S3s/Nm S2m5 Nm S311'S S3ms Nm Nm Nm S3s 
26 Nm S2f S2d/3m Nm S2m Nm S2m/ 3m S3m S2m/Nm S2m Nm S3m S3m Nm Nm Nm S2m 
27 Nm S3f S2m/3m Nm S3m Nm S2m/3m S3mf S2m/Nm S3m Nm S3m S3m Nm Nm Nm S2m 
28 Nm Nf S2f/Nm Nm S3f Nm S2f/ Nm Nm S2mf / Nm S3f Nm Nm Nm Nm Nm Nm S2m 
29 not classified 
30 not classified 
31 S3df S3df - Sl-2d S3df S3df S2-3d S3df - S2-3d S3df S2-3d S2-3d S3d S3d S2-3d S2-3d 
32 not classified 
33 not classified 
, 
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1 INTRODUCTION 
This paper presents a condensed overview of present day agriculture in 
the Kilifi area, Kenya, with emphasis on small scale agriculture 
practised by the Mijikenda, the largest population group in the area. 
In chapter 2 their agro-economie history is described. Chapter 3 shows 
the actual land use as the result of historica! processes in 
interaction with the natura! environment. Chapters 4 to 6 give 
information on respectively farming systems, cropping systems and 
livestock systems. Chapter 7 deals with some aspects of the socio-
economic environment: infrastructure and services. For further study 
the paper is completed with an extensive bibliography and table 
Al with descriptions of 9 major Land Utilisation Types (LUT's). 
The information presented in this paper is based on preliminary 
analysis of (field) studies carried out by the author and students of 
the Wageningen Agricultural University, the Netherlands, between 
1981 and 1985. Methods employed range as wide as literature review, 
archival research, forma! and informal interviews, surveys and trials 
in farmers's fields. Where appropriate, sources of data and methods 
have been indicated in text, tables and figures. 
PHOTOGRAPH 1. Agriculture in the Kilifi area: maize and coconut 
palms in Kizurini, just west of Kaloleni. 
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2 AGRO-ECONOMIC HISTORY 
Introduction : ' we carne from Shungwaya' 
The Mijikenda were first mentioned in 16th and 17th century Portuguese 
records . Little is known about their early history, and views on it 
are conflicting. Most oral traditions of the Mijikenda tell: 'we carne 
from Shungwaya' . 
SPEAR (1978) locates Shungwaya somewhere behind the southern Somalia 
coast. Mijikenda ancestors lived there with these of a.o. the Pokomo 
and some groups of the Taita and Swahili peoples. They grew crops, 
collected fruits and greens , and kept livestock. They were chased from 
Shungwaya by Galla nomads , and around 1600 entered the Kilifi-Mombasa-
Vanga hinterland, until then empty apart from a few nomadic hunters. 
They settled themselves in 'kayas', fortified villages on forested 
hill tops, absorbed ether people and gradually differentiated into the 
nowadays nine Mijikenda t r ibes . These are the Digo (southern 
Mijikenda), the Duruma and Rabai (central Mijikenda ) and the Ribe , 
Kambe , Jibana, Chonyi , Kauma and Giriama (northern Mijikenda). The 
Digo and Duruma live in Kwale District, the ethers in Kilifi District . 
Each tribe has its own history , but the short outline presented in 
this chapter applies more or less to all of them. 
'ALLEN (1983) argues that ancestors of the Mijikenda had been living in 
the Kilifi-Mombasa-Vanga hinterland long before 1600, and that only 
small groups of immigrants actually carne from Shungwaya. They mixed 
with the local population , who gradually accepted the 'we carne from 
Shungwaya' legend as their own history . 
SPEAR (1978) and ALLEN ( 1983 ) also differ on the location and nature 
of Shungwaya . Both, however, agree that the present Mijikenda are the 
result of integration of several groups of people with different 
cultural backgrounds: gatherers, hunters, pastoralists and 
agriculturalists. 
Traditional agriculture 
From the 16th to the mid 19th century the Mijikenda lived in kayas, as 
defense against Galla raids. The kayas were governed by councils o f 
elders who regulated a . o . communal rights to land and relations 
with the outside world. From the kayas the Mijikenda practised 
shifting cultivation in the surrounding s , growing finger and pearl 
millet, sorghum, simsim , cowpea , eggplant, and later also sweet 
potato, rice , cassava and maize. The last two crops , probably 
introduced by the Portuguese (MIRACLE, 1965; PURSEGLOVE, 1976), 
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gradually replaced sorghum and millets as staple foods. The diet was 
supplemented with the gathering of wild plants, hunting and fishing. 
Periodic famines occurred, hut in most years the Mijikenda were self 
sufficient in food production and they even produced surplusses for 
sale. Further they collected honey, gum copal, wild rubber and ether 
forest products. They kept goats, sheep and chicken, and since the 
early 19th century increasing numbers of cattle. 
Trade 
The keeping of cattle was made possible by the ending of the Galla 
raids and by the fact that many Mijikenda had collected considerable 
wealth in trade. Among themselves they traded in grain, clay pots, 
salt and palm wine. With the coastal Swahili and Arabs they exchanged 
simsim and grain surplusses, tobacco and forest products (see above) 
for cloth, beads and wire. These goeds and their own fameus arrow 
poison they traded with the Waata, Galla and Kamba who lived farther 
in the interior for ivory, rhinohorn and cattle. These again they sold 
to the Swahili and Arabs. In the second half of the 19th century they 
gradually lost this profitable middlemen position due to direct 
trading contacts between coast and interior, the construction of the 
Mombasa-Nairobi-Kisumu railway (completed in 1901), and the 
prohibition of the ivory trade by the colonial government (after 
1895). 
Territorial expansion 
In the middle of the 19th century the Mijikenda left their kayas, as a 
result of population pressure, economie expansion and relative safety. 
They spread over the surrounding areas, expanded westwards to the Taru 
desert and to north of the Sabaki river. Around 1900 they started to 
move into the '10 mile coastal strip', the sphere of influence of the 
Sultan of Zanzibar and his subjects, the Arabs and Swahili of the 
coastal towns. During the second half of the 19th century these had 
extensive slave worked plantations there, producing sorghum, simsim 
and coconuts for the local market and for export. After 1890 these 
plantations broke down due to lack of slave labour. The land reverted 
to bush or was occupied by ex-slave and Mijikenda squatters. The 
colonial government at first tried to stop the Mijikenda inflow, but 
without success. From the 1930's onwards they tried to regularise it 
by the establishment of settlement schemes, a.o. Gedi. After 
independence this policy was continued by the Kenya government: the 
settlement schemes Ngerenya, Tezo/Roka, Mtondia, Mtwapa and Vipingo. 
Part of the land in the coastal strip has been acquired by foreigners: 
Vipingo Sisal Estate Ltd. and Kilifi Plantations Ltd., which produce 
sisal, milk, beef and mangoes for export and local markets. 
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Coconut palms and cash crops 
The present distribution of the Mijikenda population has been strongly 
influenced by the coconut palm, in the past mainly grown for palm 
wine , nowadays more for copra, fresh nuts and roofing material . The 
Digo were the first to grow the palm, at the end of the 18th century 
the Rabai started planting , and by 1850 the palm was observed in most 
kayas . Since then the palm has spread into any suitable place and even 
into quite many ecologically not suitable places . The population 
tended to concentrate where coconut palms could be grown. During the 
1920 ' s and 1930 ' s the government promoted cotton and cashew as cash 
crops . The labour intensive and risky cotton never became popular in 
the Kilifi area. Cashew by now is an important cash erop, although it 
never gained the popularity the coconut palm has with farmers . 
.I&rui 
The abandonment of the kayas and their central government and the 
introduction of permanent crops induced a change from communal land 
use rights to individual ownership of land. Other factors in this 
process were the increasing scarcity of land and the (post)colonial 
government (see chapters 4 and 5). 
Labour: off-farm work 
During the early colonial period (1895-1920) the Mijikenda were 
reluctant to do wage labour . Apparently they did not feel the need for 
it , as they were self sufficient in food production and many conducted 
a f l ourishing trade in grain with the people of the coastal towns . 
Forceful attempts to remove them from their land and into wage labour 
resulted in the Giriama rising of 1914. Since the 1920's the number of 
people engaged in - at first mainly casual - wage labeur increased . 
Nowadays in most households one or more members, aften including the 
' farmer' , have a non-farm job, in many cases far away from home . 
Food production 
The increase of off-farm werk is the result of dire need. Until circa 
1925 the Mijikenda generally were capable of producing food 
surplusses , although in many years they suffered from natural and man-
made famines. They had been able to balance these by the collection of 
wild food plants, the collection and sale of forest products, by trade 
and by the social ties among themselves and with neighbouring 
peoples. By the 1920's trade and the demand for forest products had 
declined. The production of grain for local markets and export was 
discouraged by government measures and decreased . From the 1930's 
shortages of food appear to have become common. Colonial officials 
report drougths, famines , famine relief and population movements 
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towards the wetter coastal strip. During the 1940's cassava. before 
the staple food of the Digo only, became more important as maize 
harvests failed to feed the population (NGALA, 1949). In the 1960's 
most households around Kaloleni ran out of maize before the next 
harvest (PARKIN, 1972). In the early 1980's Kilifi District imported 
50,000 tons of grain per year (NEHSS, 1984), more than 100 kg per 
head of the population. Food deficits are likely to increase unless 
there is a substantial improvement in agricultural productivity 
(TARDA, 1983). 
PHOTOGRAPH 2. Good drinking water always has been scarce in the Kilifi 
area, although the piped water network has been 
increased in recent years. Droughts and famines are a 
major theme in oral history and lack of water for crops, 
livestock and people still is one of the problems most 
frequently mentioned by farmers. 
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Among the causes of low food production are the scarcity of good land 
and the exhaustion of land due to population growth and the 
introduction of cash crops . In order to provide c ash for food, school 
fees, etc. many people - often the best - were forced in off-farm 
work. This drain on labeur and managerial ability further aggravates 
the situation. Most of the food is grown by women, but men who are 
o ften away on off-farm work still control most of the resources: land 
and cash for hired labeur, tools, tractor ploughing, chemical inputs. 
Recent changes 
Tractor ploughing, which facilitates the cultivation of the heavy clay 
soils in 'Ngamani' (see chapter 3), became popular in the 1960 's, but 
is plagued by permanent lack of tractors and spare parts. A recent and 
not yet widespread innovation is ploughing with oxen or donkeys. 
A major disappointment for many farmers was the pro hibitio n in 1980 of 
tapping and selling palm wine. At present consumption o f palm wine is 
only allowed at traditional occasions like funerals. Before 1981 there 
was a blooming trade in palm wine between the countryside and towns 
like Mombasa, Kilifi and Malindi , providing town dwellers with cheap 
liquor and farmers with cash for food, clothes and schooling . 
Summary 
The Mijikenda household economy has been in continuous evolution since 
1600: 
o from collection to cultivation; 
o from sorghum and millets to maize and cassava as staple foods; 
o from annual crops to more and more tree crops; 
o from shifting cultivation to (semi)permanent cultivation as a 
result of tree erop planting and land scarcity; 
o from communal rights to use land to individual land ownership ; 
o from collection and trade to cash crops and off - farm work. 
Sou rees 
The above is a summary of WAAIJENBERG (1987) .Extensive use has been 
made of a.o. ALLEN (1983), BRANTLEY (1981), COOPER ( 1981), FREEMAN-
GRENVILLE (1975) , GERLACH (1965), KRAPF ( 1860), MARTIN (1973), 
MWANGUDZA (1983), NGALA (1949), PARKIN (1972), PATTERSON (19 70), PRINS 
(1952), SALIM (1973), SPEAR (1978). 
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3 LAND. VEGETATION AND LAND USE 
The present land use in the Kilifi area is the result of the described 
historical processes interacting with the environmental conditions 
soil, climate and natural vegetation (see figure 1). Most soils are 
chemically rather poor, so that generally their physical properties, 
notably drainage and water retention, together with the climate 
determine their suitability for natural vegetation and land use. 
Rainfall is the most important climatic factor; the variations in 
evaporation and temperature are much smaller. From the coast towards 
the interior the average annual rainfall decreases and the seasonal 
distribution becomes more bimodal; the short rains increase in 
relative importance. This general pattern is disturbed locally by the 
effects of the topography: steep eastern slopes cause an increase in 
rainfall (compare the rainfall in figure lc with the topographic 
cross-section in figure la). Therefore the area around Kaloleni has 
higher rainfall than one would expect in view of the distance to the 
coast. Moreover the short rains are most reliable around Kaloleni 
(OKOOLA, 1978). 
There is a marked soil effect on the natural vegetation; comparison of 
figures lb and ld shows that many boundaries correspond with each 
other. The effect of rainfall is less evident as some isohyetes 
roughly run parallel with soil boundaries, but for example the 
transition from lowland rain forest (V) to lowland dry forest (!IA and 
II!) clearly reflects the rainfall-vegetation relationship. Vegetation 
type V is exacting with regard to moisture availability and it can 
only be found where both rainfall and soil conditions are favourable: 
in the area around Kaloleni. 
Most of the natural vegetation has been replaced temporarily or 
permanently by annual and tree crops or is affected by grazing and 
burning. Natural and man-made vegetations are strongly correlated, as 
comparison of figures ld and le shows, for example: 
o Most coconut palms are found in vegetation type V and in the wetter 
parts of vegetation type III. 
o Largest concentrations of cashew trees occur in vegetation type IIA. 
o The parts of vegetation type IIB that are on deep soils and receive 
sufficient rainfall have been replaced by intensive annual erop 
growing. 
o Vegetation types I and II are being used for extensive grazing and 
browsing. 
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FIGURE la- Cross section of the Kilifi a rea (mapsheet 198) , Kenya: 
physiography and formations ( BOXEM, d e MEESTER & SMA LING, 
1987). Steep eastern sl o pes ( J/) promote rai n fa l l. 
P2 LOii LEVEL COASTAL PLAINS Caltitude 0-75 m) 
P2L Soilt developed on coral limeatonea and sanda <Reef Complex) 
P2E Soile developed on medium and coane g rained sandy depos its 
(Kil indini Formation) 
U COASTAL UPLANDS ( relief int ensity leas than 100 m, 
alope• pred0111i.,.,ntly 0·16 %J 
UEl SOih developed on unconaol ldated niediwu g rained sandy deposit1 
CHagarini Pormation) 
UT2 Soi11 developed on ahalea (Hto Hkuu formation) 
UL Soils dcveloped on 1 imestones (Kambe format ion) 
US Soih devel oped on coaree grained sandatone1 (Haz.eraa formation) 
usr Soih developed on fine gra i ned sand1tones and siltltonea 
(Mariakani formationJ 
UO Soih developed on unconsol idated fine s andy and clayey depo1it.a 
<Bay Depos ito) 
PI HICH LEVEL COASTAL PLA!löS (altitude 150·250 m) 
PIO Soih devcloped on unconsolidac:ed, fine s andy and clayey deposita 
CBay Depo1it1) 
FIGURE lb . Simplified soil map o f the Kilifi area (mapshe et 198), Kenya . 
The E- W l ine indicate s t h e cross sec t ion of figure la . 
2 04 
~river 
--- road 
N 
î 
Ind 1an Ocean 
-·- railvay 
• centre 
- av. annual rainfa l 1 
- - av. annual evapo-
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FIGURE lc. Approximate annual rainfall and evapo-transpiration 
( mm/ year) of the Kilifi area (mapsheet 198), Kenya; aftar 
JAETZOLD & SCHMIDT (1983) and BOXEM (1982, pers. comm.). 
Figure le depicts the present land use in the Kilifi area. From east 
to west six main land use zones can be distinguished. Their boundaries 
often coincide with those of soil units. Most zones show gradual 
changes from southeast to northwest due to a decrease in the amount of 
rainfall. 
I This zone is composed of the low level coastal plain and parts of 
the Magarini formation. The population density averages 140 
persons / km2, but varies between 50 and 300 persons/km2 due to 
a.o. the spatial distribution of the three distinct farming 
systems (LIESHOUT & STRAVER, 1984): 
o Small scala farms, less than 10 ha but most between 3 and 6 ha, 
with coconut, cashewnut, maize, cowpea and simsim production 
occupy about 60 % of the zone. Most lie in settlement schemes 
which have been established sinc e 1962. Before the many farmers 
squatted on the land. 
o Medium scala farms, 10 to 100 ha, with vegetable, fruit, milk . 
poultry and coconut production cover about 10 % of the zone, 
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IV\...-..... river 
- - - road 
-· - railway 
• centre 
î 
5 km 
VEGETATION TYPES 
Acacia- Euphorbia .................. . ........ Acacia thorn-bushland 
II Manilkara-Oiospyros ............ ....... . .. ..... Lowland dry forest 
IIA Cynome tra-Hanilkara CSokoke) ...•.... .•.•..... • Lowland dry forest 
118 ~anilkara-Dalbergia/Hyparrhenia . .. , .. Lowland cu ltivation savanna 
111 Brachystegia-Afzelia ... . ...... .. .. . .... ....... . . Lowland woodland 
IV Combretum schumanii Cass ipourea .. Lowland dry forest on coral rag 
V Sterculia- Chlorophora/Memecylon .. ............ Lowland rain forest 
VI Afzelia- Albizia/Panicum ............ .. . .... . Lowland moist savanne 
FIGURE ld . (Semi)natural vegetation of the Kilifi area (mapsheet 198), 
Kenya; adapted after MOOMAW ( 1960) . 
mainly along the Mombasa-Malindi road. 
o Large scale farms, more than 1000 ha, with sisal, milk, beef 
and mango production use the remaining 30 % of the land. 
II Zone II consists of the remaining parts of the Magarini formation. 
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The population density is about 100 persons / km2. The homesteads, 
surrounded by some coconut palms, are concentrated along the roads 
on the narrow tops of the steep hills. Most o f the tops and upper 
slopes are covered by cashew trees . Some semi-permanent annual 
erop growing takes place on the l ower slopes. On the va lley 
bottoms rice is grown. The majority o f the farmers have land i n 
the adjacent zone IIIB where they grow annual crops, of which 
maize is the most important. 
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FIGURE le. Land use zones of the Kilifi area (mapsheet 198), 
Kenya . For explanation see chapters 3 and 4 . 
PHOTOGRAPH 3 . Cowpea a nd c assava in Pingilikani (zone II) . 
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III Zone III, 'Ngamani'. despite the fertility of the soils developed 
on shales, is a thinly populated area with about 50 persons / km2. 
Most people with land in this zone live in the surrounding zones 
II and IV where they can grow tree crops. In zone III these are 
hardly grown due to rooting problems related t o the poor drainage 
and cracking of the soils. Only on sandy hill t o ps and in some 
places on valley bottoms they can be grown s uccessfully . 
In the southern part (IIIA), with rather shallow s o ils i n a 
dissected landscape , the land use is a mixture of extensive 
grazing, a.o . by a large private ranch, coc onu t growing o n t he 
sandy hill tops, and some maize growing. 
In the central part (IIIB ) , with deeper , fertile soils, the 
PHOTOGRAPH 4. Tractor ploughing in Mbuyuni. Note the sharp soil 
related transition between Ngamani ( z o ne IIIB) and 
the palm belt (zone IV) . 
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cultivation of arable crops is of rapidly growing importance, 
especially since the introduction of tractor ploughing in the 
1960's. This area might appropriately be called the 'maize belt' 
of the Kilifi area. In good years, with moderate rainfall. yields 
of 2000 kg/ha are obtained without fertilizers. Part of the maize 
is intercropped with rice or cassava. Other crops are cowpea, 
simsim, green gram, bambara nut and some cotton, all grown as 
relay crops. 
In the northern part (!!IC) of the zone the growing of crops is 
hindered by the low (800-950 mm/year) and unreliable rainfall. The 
population density is no more than 30 persons/km2. The main forms 
of land use are extensive grazing/browsing by goats and fallow 
cultivation, with maize and cassava as main crops. 
PHOTOGRAPH 5. Land use in Mikiriani, about 7 km north of Kaloleni. 
Coconut palms gradually make place for cashew, maize and 
fallow vegetation (the transition from zone IV to V). 
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IV Zone IV, mainly on soils developed on Kambe limestones and Mazeras 
and Mariakani siltstones and sandstones, forms a densely populated 
'palm belt' with 150 to 250 persons/km2. The western and northern 
boundaries roughly coincide with the 1000 mm annual rainfall line 
(BROM, 1981). Apart from coconut palms also mangoes, bananas, 
Citrus spp., other fruit trees and cashew trees are found. The 
last gradually become more important towards the north. Maize is 
the main annual erop , followed by cassava and rice. The last is 
grown wherever suitable valleys or bottom lands are found. Further 
some cowpea, simsim and bambara nuts are grown. 
In this zone land is becoming scarce and many fields have been 
e x hausted by too long periods of cropping. Part of the farmers of 
the palm belt have land in Ngamani, zone II!B. 
V Zone IV gradually changes into the dry (700-900 mm/ year ) and 
thinly populated (50-100 persons/km2) zone V. Cashew is here the 
dominant cash erop. Maize. cassava and some simsim are grown. Part 
of the farmers have livestock. Where this is still possible 
timber , firewood , charcoal , honey and other products are extracted 
from the bush and woodland (SCHREURS , 1982) . However, in most 
places erop growing (shifting and fallow cultivation ) , overgrazing 
and the above forms of exploitation have severely degraded the 
vegetation cover. 
VI I n z one VI, with soils developed o n bay sediments, the 
possi bilities for erop growing a r e restricted by the low rainfall 
of less than 800 mm/year and by the poor physical and chemical 
properties of the soils. This is r ef l ected by a low population 
de nsity of less than 50 persons/km2. Most of the zone is covered 
by Acacia-Euphorbia bushland . Ranging (grazing / browsing ) , partly 
organised in group ranches , and locally the growing of maize and 
cassava are the dominant land use. Outside the mapsheet there are 
large commercial ranches. Lack of water and overgrazing are 
s erieus problems in zone VI. 
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4 FARMING SYSTEMS 
Table 1 presents general information on Mijikenda farms throughout the 
Kilifi area . Most data were obtained by interviewing and therefore 
might be somewhat inaccurate, but they fairly well correspond with 
later detailed field observations. The information was collected in 
1981 and 1982 in 8 sample villages/areas characterised below. Their 
locations are indicated in figure le. 
1 Bahari represents small settlement and non-settlement farms in zone 
I. Farmers grow maize. cowpea, simsim, coconut palms and cashew 
trees. North of Kilifi creek farmers have more coconut palms than 
south of the creek (notably Mtwapa settlement scheme), where cashew 
trees are more numerous. Around Mtwapa the proximity to Mombasa 
favours the production of fruits and vegetables. 
2 Pinqilikani lies on the ridges of the Magarini formation (zone II) . 
Most homesteads lie on the tops of the ridges. which are covered 
with cashew trees. Some farmers grow annual crops near the 
homesteads or on the slopes of the hills. Most (also) grow them on 
land in Ngamani , zone IIIB. 
3 Koniora represents the northern part of zone III. Soils are hard to 
work and rainfall is low and unreliable . People grow some maize and 
cassava. Most farmers have some goats. Tree crops have little 
importance. There is a tendency to migrate out of this hardship 
area. 
4 Mbuxuni is situated on the eastern border of the palm belt (zone 
IV). About three quarters of the farmers live in the palm belt 
itself, the ethers live in Ngamani, zone IIIB. Most of the farmers 
grow one or more tree crops , and nearly all have land in Ngamani 
for annual crops. 
5 Chilulu is in the centre of the palm belt (zone IV), in a varied 
landscape where parts densely planted with coconut palms alternate 
with annual erop land. Only one fifth of the farmers have erop land 
in Ngamani. 
6 Kinarani lies on the dry western edge of the coastal uplands (zone 
V) . Main farming activities are the growing of maize and cashew 
trees, and grazing . Coconut palms are mainly grown for home 
consumption; yields are low due to lack of rain. Possibilities for 
forest exploitation are limited as the area has been largely 
deforestated. 
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IAILE 1. Ch1r1cttrl1tlc1 of hr••/houuholds In the Ullfl arn (01p1h11t 198) , hny1 . 
1 hharl 
Dhlslon 
.?_ lonjoro l Plngll!Oanl ! Hbuyunl 1 Chllulu ! llnorul 1 htohnl ~hobo h•Jri.s ·and rtftrtncu 
Haln soli units PZEl1,2, J Ul2c2p U11c1p Ulc1 U!c1 USlf US11 P1Dl Afttr 801CH, HHSICR 
PZEo1,J UIZC U[111 Ul2c1p 8Ac1,2 vu vu usuz & SH.UUG (1986); In 
PZLl1p AAc UE1o1 VIC order of decrnslng 
ur111 htporhnct . 
UT2C 
8lc1 
Average annual 900-1150 800-950 1000-1100 950-1200 1000-1200 800-1000 700-850 600-750 hngts lndlcatt lnttr-
ralnfall (H/ynr) pohtlon errors and 
urhtlon vlthln 1rus; 
1.0. JACIZOLD & SClllllDI 
(198)). 
Main popuhtton Glrhoa huH Chonyl Chonyl GlrloH GirlHI GlrhH Glriua In 1979 11 1111 District 
groups Chonyl Jlb•n• had \31000 lnhobl hnts 
(CIS , 1981), of those 
about 65 S • tri GI r i.", 
19 S Chonyl , 2 S huH, 
J S Jlbana (SPEU, 197d. 
Approxloate 100-200 10 80 HO 280 90 10 60 C8S (1981), lnttrvltw 
popuhtlon densl ty doh. (persons/I•') 
Nu•ber of houuholds 79 JO 111 91 99 91 26 25 In Pl ngllliul , Hbuyunl 
her age co•eosi tl on and llnarani 1 house hold 
was hft out because Men 1.) 2.6 ).1 }.0 l . 2 l .} 7.1 
of • lsslng and/or too WoHn ).9 J. \ 1.0 l.5 l .7 1.0 7.1 
Chlldren ( ,;,15 years) - 5.9 6. 1 1.2 6.1 5.6 6.} 12.I stnnge data. l 1rge 
lot al 12. I 11.1 12.2 11.6 12.6 12.5 1J.6 26.9 "houStholds" In hllba HJ have to do with 
Nu•ber of housel'lolds 79 }1 J7 J2 l1 catth herdlng. 
S of households • I th 61 '.:151 )67 >72 ;.17 Includes part-t lH vork 
one or •ore off-hr• ucludes occasional 
vork er s 
"vipande" for hrHrs. 
Nui.ber of hr•s 78 12 12 1\ 11 Host data were 
Average hr"' size 5. 0 \.0 \.0 1.9 3.0 1.1 7. 7 1}.0 obhlntd by inter-
(ha) vieving . In Kinarani 
only land in use for 
Hu•ber of hr•s 10/79 crops wu includtd. 
Area 11alze per Hurly all hrHrs 
lar• por yn r (ha) 1. 6/1.} 1. 7 1.6 1.9 1 .0 2.1 l .7 1 .1 grow •a l ze. 
"u• ber of hr•s 78 }0 121 91 99 91 16 15 
~ of hr•s growing 13 fe• 50 19 58 \8 very fev very few 
r ice 
~ of far•s growlng 78 27 59 88 71 71 81 Oft1 n nu•btrs of treu 
coconut palH and in ftw cases of 
Av1rag1 nuaber of 112 fe• 18 }8 59 21 c. J1 lhutock v1r1 9lun H •acre U1an 1". In 
pal.s ptr ovntr theu cuts 1 v u ustd 
% of faros gro• lng 81 2} 8J 7J 57 77 96 In the colcuhtlons. 
cuhtwnut trees Irtt erop num.btrs of 
h trage nu•btr of 156 fe• 99 12 12 21 c. 59 ont li n1r1nl hr•tr 
t rus per owntr hawe bttn ucludtd. 
S of far•s hlvlng 27 }1 61 About 1/} of hobe 
••tth catth belong to othtr 
Avtra91 nuaber of 17 J5 10 11 16 }I ptople, so tht rul 
c1tth per owntr '''"9' h about 15 
1"stnd of 3'· 
% of faros havlng 7} 6J 26 58 38 66 81 71 
goals or sheep 
Averagt nutbtr of 21 11 10 10 16 In sa.plts 1, Z, 7, 8 
goats+sheep p1r ovner only goats vert in-
cludtd; sheep art far 
lus co•on and 
nu•erous than goats. 
teferences LIESHOUI l SCHREURS ~AAIJEHSUG (1981, 198J, 198\ IOd unpublhhed datol SCHUUR! SCHRCURS 
SlUVER (1981) (1982) (1981) 
(198\) 
7 Katofeni ( zone V) is comparable with Kinarani . However . rainfall 
and therefore average yields are lower _ People get some extra 
income from timber , firewood and charcoal production -
8 Bamba , on the eastern edge o f the high level coastal plain, is a 
centre for the auction of livestock- The sample area was just west 
of Bamba c entre , where population density is higher t han average 
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for zone VI. Most farmers keep livestock, for themselves and for 
ethers who live elsewhere. Some maize and cassava are grown, but 
most years yields are very low. 
Some of the above villages, e.g. Pingilikani and Mbuyuni, do not 
correspond with one specific land use zone. A feature of many farming 
systems in the Kilifi area is that they have subsystems (erop , 
livestock, off-farm) in several places, and so combine the advantages 
of more than one land use zone. Therefore the boundaries between land 
use zones aften offer goed opportunities to study farming systems. For 
the interpretation of table 1 some remarks follow about the major 
components of farming systems: land, household, labeur, crops, 
livestock. 
o Land. The farm sizes are related to the population density and to 
the productivity of the land. In zones I and IV much land has been 
adjudicated to individual farmers. Land in zone VI has been 
allotted to group ranches, and outside the mapsheet also to 
commercial ranches. In the ether zones only part of the land has 
been adjudicated. The ether land is county council (trust) land and 
state land, on which farmers/squatters have little security, even 
if they have been living there for many years. In all sample 
areas/villages only part of the farm area is in use for crops . The 
rest lies fallow and/or is being used for grazing. In dry, thinly 
populated areas more land than the farm sizes indicate is 
available, for grazing and forest exploitation. There are less 
streng individual claims on this land. 
o A household was defined as a group of people who live and eat 
together, nearly always linked by family ties. A farm is their 
joint agricultural enterprise. In table 1 household numbers are 
presented as given by interviewees. These may include large 
extended families, which in many cases consist of several partly or 
fully economically independant subunits. Family members werking in 
town were often mentioned as household members. This view can be 
justified if they are absent for only fart of the time and/or 
contribute to the household income. For the above reasons the 
numbers of households may have been underestimated and the sizes of 
the households overestimated, compared to CBS (1981). That there 
are more wamen than men may be explained by the absence of men on 
off-farm werk, longer life expectancy for women, and maybe girls 
are considered to be adults at a younger age than boys. 
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PHOTOGRAPH 6. A Giriama household. 
o Labour. Men are in charge of land tenure arrangements, house 
building, tree crops (cash) and livestock, although part or all of 
the work may be done by wamen, e.g . making 'makuti' ( r oof ing tiles 
of palm leaf). collecting cashewnuts, herding, watering, milking. 
Men are also responsible for the clearing of new fiel ds , cutt ing 
and burning of trees and shrubs, but as land use becomes more 
intensive, these activities decrease in importance . Wamen do the 
household work and nearly all annual erop production activities: 
cultivation, planting weeding, harvesting, processing. Children go 
to school and help their parents. 
o Most (semi)permanent off-farm work is done by men. Same can work 
from their homes, but many live at the places where they work and 
visit their farms only occasionally . This means that much of the 
money they earn does not benefit the household, but is spent on 
housing, food, drink and wamen elsewhere. Opportunities for of f-
farm employment are concentrated in the coastal strip , notably in 
the towns Malindi, Kilifi and Mombasa, where people find work in 
the tourist industry, factories, shops, government offices , etc. In 
the past years it has become increasingly difficult to find off-
farm employment. This has stimulated male (school leavers ' ) 
interest in agriculture: many engage in e.g. growing vegetables for 
the market. Wamen often do 'vipande'. piece work for other farmers, 
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especially land preparation and weeding. Around Kilifi many women 
find work in the Kilifi Cashewnut Ltd. factory, low paid work for 
which little schooling is needed. Most male off-farm workers also 
fall into low income categories, (far) less than Ksh. 1000/= per 
month; they are unskilled due to poor education facilities in the 
rural areas of Kilifi District. 
o The areas of annual crops average 1.6 to 4.2 ha per farm per year. 
They are limited by the availability of labour, the tools and the 
workability of the soils. The main farming tools are the 'panga' 
(cutlass) and a small 'jembe' (hoe), suitable only for weeding and 
shallow cultivation. In zone IIIB much land is tractor ploughed. 
Fire is a frequently used 'tool' in small scale 
Mijikenda agriculture: farmer preparing a valley bottom 
f o r r ice planting, Kalo leni. 
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Ploughing is slightly cheaper than hand preparation by casual 
labour , but tractors are scarce. A recent innovation is the 
introduction of ploughing with oxen or donkeys . It remains to be 
seen how these will perform on soil units UT2clp (sticky when wet , 
hard when dry) or UScl (hard when dry). 
o The distribution of ~ crops is very skew. In many areas they 
cannot be grown successfully , and even in areas where they can be 
grown onl y part of the farmers have them. The average numbers of 
trees per owner also give an unrealistic impression; many farmers 
have few and few farmers have many trees. 
o The distribution of livestock is not better. Most farmers have a 
few goats, but apart from the Bamba area very few farmers have 
cattle . On most homesteads there are some chicken or ducks . Very 
f ew farmers collect honey with local hollowed tree log hives or top 
bar hives (MANN, 1976). 
At first view the small farms in the Kilifi area look rather uniform : 
household and farm sizes are not very different, all farms grow maize 
as staple food, all (would like to) grow coconut palms, most have some 
PHOTOGRAPH 8 . Forbidden prosperity: the tapping of a palm for 'uchi' 
(tembo ya mnazi , toddy, palmwine) . 
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cashew trees, goats and chicken or duck. Closer examination shows 
considerable skewness in the distribution of tree crops and livestock, 
notably cattle, with many farmers having none or few. 
The high percentage of farms with one or more off-farm workers 
~eflects the difficulty to obtain enough food and an adequate cash 
income for clothes, housing, schooling, etc. by farming. Farms with no 
off-farm workers usually have larger than average numbers of tree 
crops, including fruit trees, or cattle, or they continue to tap and 
sell palm wine, although this is illegal since 1981. 
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5 CROPPING SYSTEMS 
Main crops 
Tables 2 and 3 indicate the importance of annual and tree crops. Maize 
and cassava are the staple food crops, cowpea the most important pulse 
erop and simsim the only significant annual cash erop. Most maize 
cultivars are local: 'Mingawa', 'Mdzihana', 'Mugao' and many others . 
Few farmers grow the 'improved' 'Coast Composite' maize , which in fact 
never proved to be superior with regard to yield level and 
reliability. Popular rice cultivars are a.o. 'Kathele', 'Ambari', 
'Pishori' and 'Sindano'. 'Kabandameno', sweet and non-poisonous, is by 
far the main cassava cultivar. Common cowpea cultivars are the semi-
erect 'Karingongo' and the creeping 'Mnyenze' or 'Mbomu'. All 
observed simsim was brown seeded, no cultivars were distinguished. 
Coconut and cashew are the main tree crops, although some farmers have 
large numbers of Citrus, mango or banana trees. Most coconut 
palms are 'East African talls'. At present no cashew cultivars are 
distinguished. Main Citrus spp. are ~· reticulata and ~ · sinensis. The 
'old' mango cultivars with small or fibrous fruits, like 'Mdodo' and 
'Mkimji', are most common in the hinterland, whereas the 'new' 
cultivars with large and less fibrous fruits, like 'Apple', 'Ngowe' 
and 'Boribo' are mainly found near the coast and around Kaloleni. 
Sweet bananas, cultivars a.o. 'Msukari' and 'Mukiche', are common. 
Plantains are not popular as a food erop ; the main cultivar is 
'Mboki'. For more information on fruit crops see HEMPENIUS (1983). 
Mixed cropping 
If Mijikenda erop growing would have to be characterised with one 
word, 'mixed cropping' would be an appropriate choice . On one piece of 
land many crops may be found, of all ages, and belonging to many 
farmers. For example the land may belong to farmer A. who has 
mortgaged it to ~ who grows maize and cassava on it . The cashew trees 
have been planted by ~. the coconut palms belong to Q, who has 
mortgaged their production to farmer ~. The palms may be tapped by f, 
and so on. The formal Kenyan laws on land rights can not cope with 
such si~uations, and in cases of land registration the government 
stimulates the owners of tree crops to sell them to the land owner. 
Although crops do occur in any place and in any possible combination , 
there is a correlation with the topography which becomes strenger 
where c limatic conditions, notably rainfall, become worse . For 
example, around Kaloleni, where rainfall is relatively high , coconut 
palms are found on hill tops and along valley bottoms, hut often also 
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TABLE 2. Main annual crops: percentage of farms growing them and 
average area per farm which grows them. 
Bahari Pingilikani Mbuyuni Chilulu Kinarani Remarks and ref erences 
No. of farms 79 31 37 32 31 
Maize 
7. of farms 95 97 100 100 100 
ha/farm 1.6/2.3 1.6 1.9 2.0 2.2 WAAIJENBERG (1984). 
Rice 
% of farms 13 45 38 72 45 GENT (1983). 
ha/farm 0.24 0.59 0.13 0 . 14 
Cas sa va 
% of farms 54 94 95 100 74 0.1-0.5 ha per farm 
expressed as pure stand. 
CowEea 
% of farms 67 94 84 100 90 LEEUWEN (1984); areas 
0 . 1-1.0 ha . 
Simsim 
% of farms 59 45 51 31 29 WASSINK (1983), 
ha/farm 0.29 0.06 0.25 0.02 ~ost less than 0.1 ha. 
Tobacco 
% of farms 35 4 6 28 58 In Kinarani grown as 
ha/farm 30 10 100 600 cash erop (HEMPENIUS, 
1982). 
Sources: Data for Bahari are from LIESHOUT & STRAVER (1984); percentages for other 
villages from November/December 1981 baseline interviews of subsamples of the 
farms in table l; areas of crops are based on observations on 5 farms per 
village, so they are indicatory only. 
TABLE 3. Main tree crops (including banana): percentage of farms 
growing them and average nurnber of trees per farm which grows 
them. 
Bahari Pingilikani Mbuyuni Chilulu Kinarani 
No. of farms 78 
Coconut 
% of farms 78 
palms/farm 122 
Cashewnut 
% of farms 84 
trees/farm 156 
Citrus BEE· 
% of farms 
trees/farm 
Mango 
% of farms 
trees/farm 
Banana 
% of farms 
stands/farm 
31 
84 
40 
97 
114 
42 
14 
52 
11 
27 
23 
37 
86 
90 
78 
15 
70 
15 
65 
8 
84 
15 
32 
87 
136 
88 
28 
75 
32 
78 
8 
91 
35 
31 
81 
44 
90 
46 
19 
8 
52 
5 
32 
13 
~ources: Data for Bahari are from LIESHOUT & STRAVER (1984); percentages for 
other villages from November/December 1981 baseline interviews of 
sub-samples of the farms in table l; less than 5 7. of the farms, with 
unlikely numbers of (young) plants, have been excluded as a few farms 
with hundreds or thousands of trees easily distort averages. 
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FIGURE 2. A typical toposequence in the Chilulu area. 
rice 
on slopes. In Kinarani, where rainfall is low , palms can only survive 
where most water is available: on flat tops and on valley bottoms. 
In zone II (Pingilikani) cashew is found mainly on the tops of the 
hills. as dense plantations . but elsewhere the trees are dispersed 
between other tree crops, annual crops and fallow land. 
Usually rice is grown in bottom lands and valley bottoms. but in zone 
IIIB large areas are grown as intercrop between maize, on slopes and 
on tops . Yields are aften low and sometimes zero, but this can also 
happen with rice in bottom lands and valley bottoms. In wet years rice 
will do relatively well, in drier years maize. The total yield of both 
crops appears to be enough to make the combination attractive to 
farmers. Rice somehow acts as a weed in the maize erop . 
Maize is grown anywhere, although under dry conditions more attention 
seems to be paid to the choice of land . as far as there is any choice. 
Under coconut palms the yields of maize are low. but the labeur input 
for weeding aften also. The coconut palm may benefit from inter-
cropping as maize during the rainy season followed by some weeds in 
the dry season is less competitive for water and nutrients than the 
alternative: weeds and notably shrubs all year round (FLOOR , 1981). 
erop patterns 
Basically two annual erop patterns can be distinguished, see figure 3 . 
Near the coast where rainfall is unimodal, maize is planted at the 
start of the long rains. About one month later, during weeding, 
cassava is interplanted. Plants are spaced far apart and often only in 
a part of the field cassava is planted. After silking a small part of 
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Pingilikani and Mbuyuni: n ~ 9 farms, 20 women 
mm/month ha/woman/month 
600 0.60 
500 0.50 
400 0.40 
-1850 [mJ) 1982 
300 
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Chilulu and Kinarani: n 9 farms, 22 women 
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FIGURE 3. Average and 1982 monthly rainfall and average area planted with 
maize per werking woman per month in 1982; rainfall averages are 
by interpolation from JAETZOLD & SCHMIDT (1983) , the 1982 data 
are averages of 3 rain gauges per village, measured weekly. 
the maize is weeded again and that area is interplanted with a relay 
erop which takes over after the harvest of the maize: cowpea, simsim , 
bambara, bean . etc. During the short rains little maize and ether 
annual crops are planted. 
Further inland, where rainfall is lower and more bimodal, maize is 
planted in both seasons and relay crops are less important. Cowpeas 
are often planted together with the maize, spread in low density 
throughout the maize field. 
erop performance 
Table 4 gives a rough impression of the performance of some 
unfertilized crops, for comparison between soil/rainfall combinations 
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and not for absolute evaluation. For coconut palms e.g. all 
soil/rainfall combinations are considered marginal or unsuitable if 
compared with conditions elsewhere in the world. In table 4 the 
emphasis is on the performance of the erop (yield) in relation to e.g. 
drainage, water retention and fertility of the soil, rainfall, weeds, 
pests and diseases. For the farmer factors that not so much affect the 
crops themselves, but interfere with operations like cultivation and 
harvesting , may be as much or more important. Same examples that may 
be encountered: weeding on a sticky soil (UT2clp after rain), 
harvesting groundnuts in a dry, hard soil (UT2clp, UScl), weeding a 
field full of 'Mwamba nyama' (Rottboellia exaltata; common in zone 
IIIB) or 'Ndago' (Cyperus spp.; common in Chilulu). Performance 
indications for Citrus, mango and banana are very tentative, as under 
marginal conditions these crops may do well on the special spots 
selected for them, but this says nothing about the land unit as a 
whole. 
In table 5 some quantitative yield data for the major food erop maize 
are presented. The data show considerable variation between soils and 
years, but generally yields are very low. Causes of low yields are too 
much, too little or inadequately distributed rainfall, low soil 
fertility, weed problems, pests and diseases. The unreliability of the 
rainfall is one of the factors which discourage the use of fertilizers 
and pesticides, still very low in the area, and interferes with proper 
weeding, one of the most crucial factors for maize yields. 
Self sufficiency 
With the discussed low yields it is not surprising that most farmers 
are not self sufficient in maize, as shown by figure 4. The deficits 
clearly follow the annual erop cycle. About 60 % of the time people do 
not have their own maize. Part of the shortage is solved by eating 
cassava, but most households buy maize flour in the shop. An average 
household in the villages of figure 4 consists of 3.1 young children 
(0-6 years), 2.3 children of primary school age (7-14 years), 0.1 
child of secondary school age (15+ years), 3.0 wamen (15+ years) and 
2.0 men (15+ years). Children more than 15 years old and not going to 
secondary school have been included in men and wamen. To cover 75 % of 
the daily energy requirement this household would need 5 kg maize per 
day or 1800 kg per year (WAAIJENBERG, 1984). Comparison with figure 4 
learns that up to 1000 kg of maize has to be bought per year, for 
prices between 2 and 4 Ksh . per kg. This would not be sa serieus if 
there would always be food in the shops, in 1980 there were shortages, 
and if it would be easy to earn a cash income. 
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TABLE 4. Crop performance in relation to land: tentative classification based on field trials and observations on 
occurrence and productivity in farmers' fields in and around Pingilikani, Mbuyuni, Chilulu and Kinarani. 
erop 
Maize 
Sorghum 
Cassava 
Cowpea 
Green gram 
Bambara nut 
Groundnut 
Simsim 
Sunflower 
Coconut 
Cashew 
Citrus spp. 
Mango 
Banana 
Remarks 
Land (combination of soil climate, weeds, pests, etc.) 
UElll 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
++ 
+ 
very poor, 
quickly 
exhausted 
soil 
UT2clp 
++ 
++ 
+ 
++ 
++ 
++ 
++ 
++ 
++ 
poor 
workability 
and erop 
germination 
ULcl 
++ 
++ 
++ 
+ 
+ 
++ 
+ 
+ 
++ 
+ 
++ 
++ 
++ 
++ 
good 
physical 
proper ties 
US cl 
+ 
+ 
+ 
+ 
+ 
++ 
++ 
+ 
+ 
++ 
+ 
++ 
++ 
++ 
hard when 
dry, often 
exhausted 
by long use 
USKf 
+ 
+ 
+ 
+ 
+ 
+ 
++ 
++ 
+ 
+ 
+ 
++ 
+ 
rainfall 
limiting 
factor 
Remarks 
Has to be grown everywhere: staple 
food 
Susceptible to bird attacks; 
humidity may cause mouldy heads. 
Harvest problems on UT2clp; on 
UScl under dry conditions. 
Yields variable due to insect pests. 
Susceptible to mildew and aphids. 
Wilting disease observed on USKf and 
UScl: severe damage. 
Harvest problems on UT2clp; on 
UScl under dry conditions. 
No bird damage observed; on UT2clp 
rats may eat planted seeds. 
Distribution limited by rainfall, 
drainage, cracking of soil. 
High rainfall (>1000 mm/year) harm-
ful for yield (EIJNATTEN & ABUBAKER, 
1983). 
Fruit trees are often planted around 
homesteads (household refusel) and 
along valley bottoms where moisture 
availability and fertility are 
better than average. 
Explanation: 
+ 
++ 
(very) poor, 
moderate, 
good performance. 
N 
N 
os:> 
TABLE 5. Average maize yields of farmers (kg/ha at 13 % moisture content) : preliminary analysis of available data based on 
visual estimations and measurements in and around villages/areas Bahari, Pingilikani, Mbuyuni, Chilulu, Kinarani. 
Season 
Long rains 1981 
Long and short 
rains 1982 
Long rains 1984 
Soil unit (part of units in tables 4 and 5 are subdivisions of the 
units listed in figure la and lb, see BOXEM, MEESTER& SMALING (1986) 
P2E UEl UT2clp ULcl US cl USKf 
800- 1200 800-1200 1700- 2300 800- 1300 900-1500 600-1000 
- 400 700 500 400 300 
- 500 700 700 600 1200 
Remarks 
Well distributed rainfall. 
Excessively heavy rains during 
long rainy season. 
Good rainfall, but many places 
suffered armyworm damage. 
Sources: 1981 figures for P2E from LIESHOUT & STRAVER (1984), others soils from WAAIJENBERG (1982); 
1982 figur es after WAAIJENBERG (1984); 1984 figures from unpublished data from WAAIJENBERG & VERVOORN) . 
It should be realised that part of the maize fields contained tree crops, notably coconut palms . 
% 
100 
80 
60 no own maize no own maize 
B 
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~IGURE 4. Monthly rainfall (A) and percentage of households eating 
maize from own harvest (B), 1982-1983. Pooled data for 
Pingilikani, Mbuyuni, Chilulu and Kinarani: n = 4 * (8-10) = 
37-39 households interviewed about food situation; rainfall 
recorded weekly in 2-3 rain gauges per village. 
Farm cash income 
Usually the production of cash crops and livestock is too low to cover 
expenses for food, housing, clothes and schooling: 
o Hectarages (<0 .3 ha), yields (0-400 kg/ha) and prices (c. Ksh. 
4/=/kg) of simsim are too low to contribute much to the income of 
the households who grow it. 
o Farmers with large numbers of fruit trees or bananas are a small 
minority. The production is very sensitive to the weather, often 
limited to a short period of the year, and varies strongly from year 
to year. In productive years prices tend to be low. 
o Cashewnut yields are low, about 4 kg/tree or 450 kg/ha (EIJNATTEN & 
ABUBAKER, 1983), confined toa short period of the year, and very 
variable. Poor yields in past years and a price drop in January 
1983 caused many farmers to cut their trees to make place for 
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-PHOTOGRAPH 9. Most shops in Kilifi District sell maize meal, an 
illustration of the shortcoming of local food production. 
maize. The district government prohibited this practice and so 
tries to preserve a stock of already too old and low productive 
cashew trees. 
o Coconut palms are the farmers' favourites: they always yield at 
least something. The annual production is about 10 to 40 nuts per 
palm (EIJNATTEN, GURNAH & NIEDERSTUCKLE, 1977; FLOOR, 1981, 
WASSINK, 1983). The income from copra is about 30 nuts/tree * 1 kg 
copra/7 nuts * Ksh. 5/=/kg copra = Ksh. 21 / = per palm per year. The 
sale of fresh nuts ( nazi, madafu ) may give somewhat higher returns, 
but also more problems with marketing. Most nuts have to be sold in 
Mombasa, where prices are highest during the month of Ramadhan. 
Apart from nuts a palm produces about 10 leaves per year, of which 
about 15 makuti can be made, sold at Ksh. 0 / 50 each. Even then the 
total annual income per palm is no more than Ksh. 30 / = . Part of the 
production is needed for the household. Therefore one needs more 
than the average number of palms to cover also household cash 
needs. Tapping toddy may yield 10 times more, but this lucrative 
enterprise can only be carried out illegally. 
o Only few farmers have livestock in signifi c ant numbers and 
livestock productivity generally is low. 
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6 LIVESTOCK SYSTEMS 
Some quantitative data on livestock are presented in table 1. For more 
quantitative and qualitative information one is referred to BARTMAN 
(1984). Points to be touched on in this chapter are the purposes of 
keeping livestock, systems for keeping them, pooling of herds, and 
consumption and marketing of livestock products. 
Purposes 
Livestock is kept to earn an income and to act as saving/security 
fund. For large commercial farms/ranches the first reason is the main 
if not the only one. For small household farms the second may be as 
much or more important. People keep livestock to sell them when money 
is urgently needed for schooling, funerals, dowry, etc., or to 
slaughter them at funerals. 
Large farms 
Kilifi Plantations Ltd. and Vipingo Estate Ltd. have large dairy 
herds, the latter also a herd of beef cattle. The herds consist of 
graded or cross-bred animals: Brown Swiss, Ayrshire, Guernsey, Sahiwal 
for milk, and Boran for beef. The animals graze in pastures of native 
grasses and receive supplementary food, mainly sisal waste. Artificial 
PHOTOGRAPH 10. A herd of Small East African Zebu cattle ; 
only few farmers own so much wealth. 
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insemination (A . I . ) or improved bulls are used. In spite of better 
than average management the milk production per animal is still low, 
less than 10 litres/day. Vipingo Estate Ltd. sells the milk and meat 
to the local market . Kilifi Plantations Ltd .. which has a milk 
pasteurizing and packaging plant , sells part of the milk on the local 
market and part to the Kenya Cooperative Creameries (KCC). 
Extensive graz ing 
Ex tensive grazing of he r ds of cattle and/or goats and sheep is common 
in the dry areas of Kilifi District. The animals wander around with 
one or more herdsmen or -wamen, grazing and browsing on fallow land 
and more natural vegetations. Most common breeds are the Small East 
African Zebu and the East African Goat. Fodder and water are aften 
scarce. The animals receive little veterinary care apart from 
(ir)regular dipping against tick borne diseases . The productivity of 
the animals is low and losses are high . In the western part of Kilifi 
mapsheet and outside of it there are several group ranches. Their 
condition can best be described as 'dormant' (TARDA, 1983). Many 
farmers do not even realise that they are living in a group ranch . 
Farther west there are some l arge commercial ranches, a.o . Giriama 
Ranch and Kulalu Ranch with Boran cattle. 
Small livestock 
Many households have some goats or sheep. These graze on fallow land, 
road sides , in tree erop plantations, herded by children or tied with 
long ropes . Chicken and duck walk around the homesteads. They live on 
household waste and whatever else they can find. 
Small-scale dairx 
A few small farms, most in the coastal strip or Kaloleni area , have 
dairy cattle. Most animals are cross breeds between the Small East 
African Zebu and Friesian , Jersey or one of the ether above mentioned 
dairy breeds. They are kept in pastures or stall fed with Napier grass 
under the in 1981 introduced zero grazing system of the Dairy 
Development Programme of the Ministry of Agriculture and Livestock 
Development. The cattle are housed, fed and watered well and receive 
adequate veterinary attention . The average milk production per cow is 
up to 6-8 litres/day . For more information on zero grazing systems in 
Kenya one is referred to STOTZ (1977, 198 3a ,b). 
Pooling of herds 
An important feature of cattle and to a lesser degree of sheep and 
goat keeping is pooling of animal s : one herd may consist of animals o f 
several owners and o ne owner may have hi s animals distributed over 
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several herds, sometimes far away. There are several reasons for this 
practice: 
o Livestock may be kept for security, but their own lives from all 
evidence appear to be very insecure, threathened by hunger, thirst 
and diseases. By spreading the animals over several herds the risk 
of loosing all of them at once is reduced. 
o The owner may live in an area with little place for livestock, e . g. 
the densely populated palm belt . 
o One may have too few or too many animals to herd them himself. 
o People do not like to look very prosperous, as this will cause many 
claims for support , jealousy and witchcraft. 
Consumption and marketing 
Many animals are slaughtered at special occasions like funerals , 
weddings and important visits. As a result people get meat 
intermittently, but this irregularity is reduced as people are used to 
visit many of such occasions. Further animals are sold to local 
butchers and at auctions at Mariakani and Bamba. Milk can profitably 
be sold to neighbours , in villages and towns. Demands and prices are 
high, up to Ksh. 4/= per litre, about double the price the KCC factory 
in Mariakani pays. Hides and skins are sold to local traders; their 
quality in general is poor. 
229 
7 INFRASTRUCTURE AND SERVICES 
The government plays a key rele in the infrastructure and services in 
the Kilifi area: many services are rendered directly by ministries, 
ethers by parastatals or by organisations in which the government has 
a major influence, e . g. the Farmers' Cooperative Societies. 
Research 
Most agricultural research in Coast Province is c arried out by the 
Coast Agricultural Research Station (CARS) at Mtwapa, established in 
1958, with substations at Matuga (Kwale District ) . Kimala (Taita 
District), Msabaha (Kilifi District) , Ngao (Tana River District) and 
Mpeketoni (Lamu District). Most of these stations lie near the coast. 
where rainfall is relatively high. Therefore research findings aften 
may not be relevant for the drier hinterland. The Animal Production 
Research Station at Mariakani, with a substation at Bamba, deals with 
livestock, pasture and rangeland research. Further research is carried 
out at the Magarini Land Settlement Scheme. 
Much useful research has been done, but overall research has failed to 
solve the present incapability of agriculture to support the 
population, as voiced by BOOKER (1982): 'with the exception of small 
bolder dairying in the coastal strip the preparation mission was 
unable to identify or r ecommend viable packages to improve the 
productivity of rangeland production' and 'the potential for on-farm 
development throughout the Districts is severely constrained by the 
lack of viable technica! packages based on applied research undertaken 
in the project area'. Soa critical reorientation of research appears 
essential. For an overview of past research at CARS one is referred to 
MAJISU ~ .5!.!.. (1980), and for one of the views on the links between 
research and extension in Coast Province to van EIJNATTEN (1983) . 
Extension 
Agricultural extension activities are carried out by the Ministry of 
Agriculture and Livestock Development . and in the settlement schemes 
also by the Department of Settlement . They find place by 'barazas' 
(public meetings), individual farm visits, courses at the Mtwapa 
Farmers' Training Centre (FTC), and since 1984 particularly through 
the Training and Visits (T&V) programme. The Department of Livestock 
Development further provides A.I. and veterinary services, of which 
the operating of cattle dips is the most prominent. and vigorously 
promotes the zero grazing system. Tree erop nurseries, the major one 
near the Mtwapa Research Station , provide farmers with young trees, 
varying from coconut palm to Leucaena. Many nurseries are inaccessible 
for farmers (e . g. by being far from roads) and t he quality of the 
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planting material is often worse than farmers' materials. See a.o. van 
EIJNATTEN (1979) and van EIJNATTEN & KARISA (1980) for a description 
of the past situation and proposals for improvement. 
Bottlenecks for successfull extension are: 
o The poor accessibility of many farmers. Frontline extension staff 
hardly have any transport facilities and have to concentrate on 
farmers near roads and administrative centres. The T&V programma 
experienced that farmers frequently did not turn up at 
demonstrations and meetings due to other obligations, aften 
funerals. 
o Too few and lowly qualified frontline extension staff. The newly 
constructed Agricultural Training Institute in Kilifi may be a 
solution for this problem. 
o Bias on extension by men and for men. Most extension workers are 
men who direct themselves to men, in a situation where women do 
most farm work. Female extension werkers occupy themselves with 
home economics and instruct women, the real farmers, about 
nutrition, child care, sewing and home gardening, instead of erop 
and livestock production as well. 
o The largest bottleneck is that there is no message, no economically 
viable technica! packages, as mentioned under research. Therefore 
the emphasis is on line planting, use of fertilizer and erop 
protection chemicals, proper and timely weeding, deeper 
cultivation, etc . Many of these advises farmers knew already from 
experience, ethers cannot be followed due to lack of cash, or 
should not be followed because they are better from a technica! 
viewpoint only, and not from an economical one. This may explain 
why many farmers show little interest in extension. 
Credit 
Agricultural credit c ould be obtained via the Integrated Agricultural 
Development Program (IADP) ( NAUTA, POSTMA & WINKELHORST, 1981; 
VERBEEK, 1982), and can be obtained from the Agricultural Finance 
Cooperation (AFC). Problems are lack of security (e.g. land with a 
title deed) and again lack of safe and profitable agricultural 
enterprises in which to invest the money. 
Farm inputs 
The major supplier of farm inputs like erop seeds, tools, fertilizers, 
e rop and livestock protec tion chemicals was the Kenya Farmers' 
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Association (KFA), recently taken over by the Kenyà Grain Growers Co-
operative Union (KGGCU). Their effectivity is limited by lack of sale 
outlets (Mombasa only) , irregular supply, and personnel with 
insufficient knowledge for advising farmers on what to buy and what 
not to buy. The quality of maize seeds improved considerably since the 
introduction of cold storage in the KFA godown. Pangas and jembes can 
be bought in shops throughout the Kilifi area. Most jembes are made by 
local blacksmiths, and are goed for weeding, but unsuitable for deep 
cultivation. 
Marketing 
Since 1965 Farmers' Cooperative Societies, associated in the Kilifi 
District Cooperative Union (KDCU), are the main outlet f or farm 
produce. They have a legal monopoly for the marketing o f copra, 
cashewnuts, simsim, cotton and castor seeds. The KDCU has shares in 
the Kilifi Oil Mill, which processes copra into oil, and in the Kilifi 
Cashewnut Ltd . factory which started operating in 1975 . The factory 
has a capacity to roast, shell, grade and sell about 15000 tons of raw 
nuts per year , but has been werking under its capacity for most of the 
years (OLTREMARE , 1983) . The lack of competition did not stimulate the 
efficiency in the KDCU: farmers complain of low prices and late 
payments (KORTRAM, 1983). In 1984 the smuggling of copra to Mombasa, 
where oil-millers paid better prices on delivery , forced the KDCU to 
increase the price of copra! Milk can be delivered to the KCC factory 
in Mariakani, but farmers prefer to sell their milk to neighbours and 
others who pay better prices . Moreover the factory has a bad 
reputation due to non-payment in the past. 
Tapioca Ltd. in Mazeras provides a market for cassava tubers. In 1984 
the farmers' price was about Ksh. 0/60 per kg fresh tuber. The Tapioca 
Ltd. produces about 50-60 tons starch per month for the production of 
glue. For fruits, vegetables and ether farm produce there is no 
organised market . Produce is bought by traders or brought to Malindi, 
Kilifi or Mombasa by the farmers themselves. Decennia o f talks about 
the establishment of a fruit processing factory so far have yielded no 
results. 
Transport 
The Kilifi area has a rather dense and well functioning network o f bus 
connections. Most buses belang to private companies. All buses go to 
or come from Mombasa; Kilifi and Kaloleni are major, Mazeras, 
Mariakani and Bamba are minor transfer bus stages. The buses transport 
farm products to the cooperative societies or their agents. and to 
Malindi , Kilifi and Mombasa. Daily they ferry thousands of off -farm 
werkers between the rural areas and the coastal towns. 
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TABLE Al. Some ma1or Land UtUization Types (LUT ' sl of small farms in the Kllifi area (mapsheet 198), Kenya, t . 
Names / Sorghum, Htama (SorghlllD bicolor) wf'kice , Mpunga , Mchele Maize, Hahindi (~ ~) (Oryza sativa) 
Products/ Grain for home consumption at Crain for home con1umption as "uj 111 Grain for home consumption and local 
uses/ "ugali" Cthick porr idge). C thin porridge) and for product ion of market. 
marketing alcoholic drinka: prOlllOted with little 
aucce11 ao etaple food erop in dry 
areaa. 
Cultivars Modern: Coast Compoaite , Pioneer Modern: a . o. Serena (medium height , "Modern": Baamati , Sindano. 
Hybrid (high requiremente, of ten not compact heads, brown, bitter seeds) , "Local": Kathele . Ambari , Piahoti, 
available) , Katumani 8 Compoaite 2KX17 Cdwarf , compact heada, white Mchetseka , numeroua others, In much 
( rather poor performance) . seede) , NES7360 (medium height , compact of the area rice is not a very old 
Local: Mingawa , Mdzihana 1 Hugao , etc. , heada , white oeeda). erop. 
better adapced to unfavourable Loc al: Huh8l88 mbomu ( tal! , loose heads , 
conditione, aleo perfom wel! under white seede), grown e ince at least mid 
higher input leve Ie. 19th century. 
1 
Seasons Host planted in April, just a fter Like maize, the erop may be ratooned. Seeda planted just before etart of (growing & start of long raina, see figure 4.3. Muhama mbomu may take up to 6 months long raine CMarch , April), harveat 
product i on) to maturi ty. from August to October. 
Labour 119 daya per ha, of which 22 % for Comparable with maize; young erop High labour input for planting, weed- 1 
r 
inten1ity land preparation , 17 % for planting , 1DOre senaitive to weeda; harvest and ing and harveat1 at least double of 
33 % for weeding (and thinning) and process ing more labour intensive. that for mai ze. 
26 % for harveating CKOECH, 1983). 
' 
Capita! Per ha: hired tractor ploughing Kah. See under maize. Uae of fertilizer, insecticide, etc. 
intenaity 620/• ; hired oxen ploughing Ksh. 375/•; ia rare. Seeds may be bought . 
2 x 4. 25 kg Dipterex or Kah. 153/-': IS" 
1 kg Coaat Compoeite seed or Kah. 112/50; 20 kg p (as TSPJ and 50 kg N (as CAN) 
or Kah. 925/•. 
Caoual labour Ksh. 10/• per day or Ksh. 
!/• per 10 112 cultivating. 
,,-
& Management Most farmers cultivate by hand, uae no Local cul tivara mostly grown without No levelling; fields often teparated 
Technology fertilizer , insecticide , bought aeeds. fertilizer, insecticides, etc. Modem by ama ll bunda, grown in pure atand 
Some use varying combinations of the cultivars: see maiz.e. on val ley bottoma or aa intercrop in 
above input• . maize , see par. 4.5. 
Plant Most farmers 2- 4 plantafstand and 20- for ehort cul tivara 40- 80000 plants/ha About 10 stands/m' (most 5-15) with 
density/ 30000 plante/ha, recommended 1-2 plantt/ reconroended; Huhama 11bomu usually up to 10 plants0stand. 
r 
spacing stand and 37000 plants/ha. 15-30000 planta/ha. 
Se a l e Most farms have 1- 3 ha in 1-5 fielda. All field& obaerved ( far ) l ess than Most farmers have less than 0 . 25 ha 
r 
0.5 ha. on valleybottoms and/or up to l ha 
on slopes and tops as intercrop in 
maize . 
r 
-
Pests & Stalk borer (Chilo spp . and some Birds , stalk borer (1ee under maize) . Stalk borers and leaf diaeaaes have 
diseases Sesamia calamistes) , occaeionally amy- Mouldy heads due to high humidity . been observed , but are unimportant 
worm (Spodoptera exempta), on UScl some compared to weed, rnoisture and 
termite damage observed. Locally there fertility problems. 
may be nematode damage . Streak virus. 
See references. 
Yields See tab les 4. 6 and 4. 7. Comparable with chose o f maize , i n Valley bottoms: 500- 1500 kg paddy/ha , 
dry yeara maybe better . with fertilizers up to 2500 kg paddy/ 
ha. Aa intercrop 0-1000 kg paddy/ha . 
Very large differencea bet ween yeara. 
Prices National Cereala and Produce Board NCPB pays Kah. !/• per kg. 
(NCPB) paya Ksh. 2/• per kg: in s hops 
maize is sold for Ksh. 2/75 per kg and 
maize flour for Ksh. 4/10 per kg. 
Very few farmers produce aurpluaaes. 
Economie• Absolute and relative cott• and 
returns vary between soil• and yeare . 
MBlNCA Cl 983) : variabl e coat• Ksh. 
1652/•, groH returns K•h. 4500/•, 
net returns Kah 2848/• per ha for 
Coaat Compoeite with fertilizer and 
insecticide. 
Remarks & HAJISU et al. (1980) , HATHEZ (1972), MAY , SIVAKUMAR & VIRHANI (1981), NDFRS GENT (1983) , MoA 0981) , HAKUMI (19g2) , 
Referencea RUBUI Cï983î, SCHELTES (1978), (1981 , 1982) , llANG' ATI et !!_. (1982) . TAHURA (1980, 1981). 
llAAIJENBERG 0982, 1984), llARUI & 
KURIA (1983) . 
TA8LE A. I. Some major Land Utilization Types (LUT's) of/for 1msll farms in the Kilifi area (mapsh9et 198), Kenya 2. 
Names Cassava , Muhogo (Manihot esculenta) v Cowpea , Hkunde (~ unguiculata) liimsim, Ufuta (Sesamum indicurD) 
Produc ts I 
uses/ 
marketing 
Cultivars 
Seasons 
(growing & 
product lon) 
Labour 
intens 1 ty 
Capita! 
intensity 
1 Tubers for home consumption , boiled 
1 
roas ted or frled ; J eaves as potherb. 
Tubers sold at local markcts and to 
Tapioca Ltd. , Mazeras. 
I
Local: Kabandameno (sweet) by far most 
common. 
Modern: Kaleso (46106/27) and 5543/156 
are recommended with 1 itt Ie succes . 
Kaleso is popular in Kwalc District 
and shows field resistance against CMV. 
Most cassava is interplanted tn maize 
fields during first weeding (April/ 
!
May) and harvestcd bctween December 
and March. 
!Low , apart from harvesting. 
Low . 
Management &. erop receives litt l e attention: no 
technology pest and disease control, hardly any 
selection of plant material. 
Plant 
density/ 
spacing 
Scale 
Pes ts & 
diseases 
Yielda 
Pricea 
Economie& 
Remarks & 
refercnces 
Most farms 1000-3000 plants/ha; in 
pure stand 10000 plants/ha. 
Most farmers about 0. 5 ha with 1000-
3000 plants/ha. 
Cassava Mosaic Virus (CMV) spread by 
white fly; red spider mite . 
1-2 kg of fresh tubers per plant or 
(far) leas than 10000 kg per ha . 
Tapioca Ltd. pays Ksh . 0/60 per kg 
fresh tubers; at local marketa fresh 
tubers fetch Ksh . 1- 3/• per kg. 
KOECH (1983): costs Ksh. 3032/• , 
returns Ksh. 10200/• (yield 17 tons 
tubers) , gross mar gin Ksh. 7168/• per 
ha grown according to CARS reconnendat-
ions . M8INGA (1983): costs Ksh. 3520/• , 
returns Kah. 9000/• (yield 16 tons 
tubers) , groas margin Ksh. 5480/• per 
ha, without use fertilizer and herbicide. 
GITHUNGURI 0 983), MAGARINI ( 1983), 
OMONDI (1979). 
Seeds and leaves for home consumption 
as 11mboga11 , relish eaten with "ugali.". 
Seeds sold local ly . 
1 
Karlngongo, Mnyenze Oibor:ru), Mwandatu, 
mainly for seeds . Charika is popular 
for leaf product ion. Many others. 
Most creeping to scmi·erect . 
Planted as relay erop in long rains 
maize , in June or July, or planted 
aa intercrop in both seasons. 
1 
Cash erop: seeds sold to farmers ' 
Cooperative Societies . 
farmers don' t di1tinguish cul tivar1: 
all plants have dark brown aeeds . 
Planted as relay erop in long rain1 
maize , in June or July. and harveated 
in t~ovember or December. 
Planting , and especially harvesting and Planting, harvesting and threshing 
processing are labour intensive. are labour intensive. 
Hardly any capita! input. 
(Knowledge of) cult i vars appear to 
be disappearing . 
As re lay erop: 15-35000 stands/ha, 
2- 6 pl ants/stand . As intercrop: 
uaual ly no more than 5000 stands/ha. 
Most farmers less than 0. 25 ha. 
Pod borer (Maruca testulal is), 
Legurne bud th r ips (NCANCA, 1980) ' 
unldentified lcaf eating beetle. 
Relay erop 100-500 kg/ha , varying 
between 0 and more than 1500 kg/ha. 
farmer may receive Ksh. 3-6/• per kg. 
Very low. 
Suboptimal plant arrangement and 
poor weeding. 
About 30000 stands/ha and about 9 
plants/stand. 
Ususally less tha 0.25 ha per farmer. 
Webworm (Antigastra cataunal is) 
Some leaf spot. 
0-400 kg/ha. 
About Ksh . 5/• per kg. 
Risky and not very profitable erop. 
CHESOLI & llARUI 0980) , LEEUWEN (1984), W'OPINDI (1980). 
NGANG 'A (1980) . 
r 
TABLE Al SOCle major L4nd Utilization Typea (Ltrî's) of/for amall fama in tlte Kilifi area (mapahP.et 198) Kenya 3, 
1'81181 
..,/ fot ton, P11t11ba (Coaszeium hinutum) "' Cocoa , Mnazl. CCocos nucifera) ~ tashew , llkorosho (AnacardiWI occidentale) 
Product•/ Cuh erop: seeds 1old via Famen ' For home con1U111ption ( freab nut•, Cuh erop aold via Famen' 
UHI/ Cooperative Societiea to Cotton Seed cooking oil , palmwine, makut1l and Cooperative Societiea and NCP8 to 
marketing and Lint llarketing board. for 1ale (fre1h nuts , copra, palmwine, Kenya Cuhewnuta Ltd. , Kilifi. Host 
makuti). of production ia exported. 
' 
Cultivan UK/59/240 and IL62; the fint ie Moat palm• belang to g roup 11 Ea1t No cul tivan diatingubhed 1 part of 
being replaced by BPA/ 175. African tal! coconut palm" , le11 than atock il rather old and ehould be 
1 % of all palmt are dwarve1. replaced by genetically beteer material. 
Sea1on1 April to November. Optima! periode for harvuting nuta Harveat frOll Octobar to February. 
(growing ' for copra and for making 8Jlkut1 are 
product ion) the dry 1euon1. 
Labour High: 165 daye/ha, of vhich 21 % for Labour input for hu1bandry low: under- Low: young treea are planted in mal.ze 
intensity land preparation, 16 % for planting, growth ia gnzed and often palm• are field•, bafore harvut the undergrowth 
2 % for apraying , 26 % for harvesting, intercropped vith maize , banana, may be cleared, nut• are collected, 
1 
9 % for grading and packing CKOECH, ~app. dried and aold , aften lower branches 
1983). are pruned for eaay collection of 
nuta and intarcropping with mal.ze. 
l Capita! lf rec011mendation1 are followed: Kah. Rutricted to 1eedl1ng1 (eometimea Very low. 
intendty 5501• for ploughing and harrowing, bought) , knife for harvesting nuta or 
Kah. 475/• for fertilizer , Kah. 528/• tapping palmwine, iron for dehuaking, 
!or inaecticida, K1h. 15/• for hl.red panga for cutting nut•, 111poon11 for 
1prayar. per ha KOECK. 1983). r_.ving copra. 
Management & Most farmers can' t afford to follow Palm• receive little attention; some Low level. 
~hnology reconnendationa, 10 that bath coats fa men apply mulch, cl ear undergrowth 
and returns are lower. yearly and/or apply und in Rhino 
baetle holes 1 unproductive palms are 
aeldomly cut. 
Plant Recomaendation1 are 110re or le11 About 80-100 palma/ha; often abambaa 6 x 6 to 12 x 12 m2 are reconnended, 
denlity/ fol lowed : 22000 plant1/ha by planting contain ooly few very widely epaced but of ten 1pacing1 are much wider. 
spacing 90 x 45 cm, 4-6 1~ed1 par 1tand, later palma . 
tbinned to 2 plante per atand. 
SCale Moat famen leu than 0.2 ha. Holt farmen leu than 100 palm• , few Molt famen have leu than 100 tree•, 
have aeveral hundreda. few have eeveral hundreda. 
Puta ' Numerou1, a.o. cutvom1, gra11 hopper• . Rhinoceroa baetle (Oryctes monoceroa) , Cuhev Helopeltb (Helopeltb anacardii) 
diaeaaes cricket• , leaf 1ucker1, fruit euckers , Coreid bug CPuudotheraptus ~). and Coreid bug (Paeudotheraetus ~) 
boll vorma; 1ee MWANCI (1980) and Bola rot (Maraamielluo cocophilus). cauae dieback. Under wet condition• 
PURY (1968). blo11011 rot 11 a problem. See a . o . 
WHEATLEY Cl 961) and EIJNATTEN (1979). 
Yield• Under current management 500 kg AR and About 30 nut• or 4. 6 kg copra per About 4.5 kg/tree or 450 kg/ha, both 
150 kg BR per ha; under recoanended palm per year. per year, under current management. 
management: 1000 kg AR per ha (KOECH, Up to 20 makuti per palm per year. By planting clonal material in bedge-1983). rowa yielda ao high aa 4000 kg/ha can 
be reached (EIJNATTEN &. ABUBAKER, 
1983) . 
Pricea AR Kah. 3/80 per kg and BR IC1h. 1/80 Copra Kah. SI• per kg; nuta Klh. 0/60 FAQ Kah. 3/50 per kg and UQ Kalt. 2/75 
per kg (KOECH , 1983) ; Kilt. 4/80 in to K1h . 2/• per nut. per kg in 1983. 
1984 (SAtrTI YA PWANI 45. June 1984). Hakuti Kah. 0/40-0/60 eacb. 
Economie• Preaent management: co1t1 Ksh. 1013/• See EIJNATTEll , CUR1'AH & NIEDERSTUCKE Under current manage0tent gross margin 
of which Ksh. 434/• to Klh. 834/• can (1977>; nou that prices have changed b ebout Kah. 550/• per ha per year. 
be houaehold labour, ret11rn1 Kah. con1iderably and chat his sample con- By planting clonal matarial in hedge-
2155/•, grou margin K1h. 295/•. 1i1ted of larger t han average farmer•. rowa and by producing charcoal gros• 
Rec001mended management: coa to Koh. margina u high u Kah . 6800/• per ha 
2844/• of which Kalt . 1244/• to Keh. per year are pouible (EIJNATTEN , 1983?; 
1644/• can ba family labour, returns EIJHATTEll &. A8UBAKER, 1983). 
Kah . 3800/•, grou margin Klh. 956/• 
(KOECH , 1983). 
Remarka ' Huch of extra co1t1 of recommended 8ROH 0982), EIJNATTEN (a .o. 1979) , The EIJNATTEN ' ABUBAKER 1y1tem ltill 
referen.cea 118nageaent go to agro-chemica! FLOOR (1981) , OHLER (1984), SPRENKELS haa to be teated under (farmers') 
induatriea. KOECH (1983), MWANCI (19801, (1984), WASSINK (1983). field condition1. OHLER Cl 979) , OLTRE-
HUCO (1982). MARE (1982), WARUI (1979), WASSillK 
(1983). 
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